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I.  Introduction 


We  hypothesize,  that  race-based  residential  segregation  leads  to  disparities  in  both  area  (census 
tract/block  group)  and  individual  physical  and  social  housing  conditions  that  dispose  African- 
American  men  to  differential  environmental  conditions  that  lead  to  excesses  in  biological 
damage,  increasing  risk  for  prostate  cancer,  earlier  age  of prostate  cancer  onset,  and  worse 
prostate  cancer  outcomes  compared  to  white  men. 

Specifically  we  aim: 

1.  to  determine  whether  selected  area  housing  and  individual  housing  status  (homeowners hip, 
housing  density,  and  other  housing  factors  such  as  age  of  structure  and  heating  sources)  are 
associated  with  prostate  cancer  risk,  age  at  diagnosis,  and  tumor  aggressiveness  and  whether 
housing  status  is  associated  with  observed  racial  differences  in  these  prostate  cancer  outcomes. 

2.  to  determine,  through  the  use  of  factor  analysis,  whether  area  housing  and  individual  housing 
status,  is  associated  with  prostate  cancer  risk,  age  at  diagnosis,  and  tumor  aggressiveness, 
through  “latent  factors”  that  include  diet,  physical  activity,  and  genetic  polymorphisms  and 
whether  those  “latent  factors”  differ  by  race. 

3.  to  begin  to  test  biological  pathways  through  which  housing  status  may  impact  prostate  health 
outcomes;  specifically,  whether  housing  status  is  associated  with  markers  of  DNA  damage 
(polycyclic  aromatic  hydrocarbons  DNA-adducts  (PAH))  and  DNA  stability  (telomere  content) 
in  prostate  tumor  tissue  and  tumor-adjacent  nonnal  tissue  of  African-American  and  white  cases. 


II.  Body 

Doctoral  Training  Program 

Between  March  2007  and  2008,  progress  has  been  made  on  several  components  of  this 
pre-doctoral  training  award  and  on  the  research  proposed.  In  addition  to  meeting  with  mentors, 
Dr.  Benjamin  Rybicki  and  Dr.  Janet  Hankin,  regularly,  I  participate  in  and  regularly  attend  the 
Multi-Disciplenary  Prostate  Cancer  Working  Group  meeting  organized  by  Wayne  State 
University,  Karmanos  Cancer  Institute  and  Henry  Ford  Health  System.  The  Prostate  Cancer 
Working  Group’s  mission  is  to  support  the  development  of  grant  proposals  directly  aimed  at 
racial  disparities  in  prostate  cancer  and  in  particular  to  support,  multi-disciplinary  projects  across 
the  three  institutions.  In  addition,  I  attend  and  present  my  ongoing  research  at  weekly  meetings 
of  the  HFHS  Urology  Research  Department.  This  research  group  includes  basic  researchers, 
population  scientists  and  clinician  researchers  in  several  areas  of  genitourinary  research 
including  prostate  cancer.  HFHS  has  recently  established  a  Disparities  Research  Collaberative, 
headed  by  Christine  Joseph,  PhD,  to  organize  disparities  research  within  the  institution  and  to 
aid  the  development  of  research  methods  specifically  related  to  disparities  research.  I  have  been 
asked  to  serve  on  the  planning  committee  for  the  Collaberative,  giving  me  access  to  several 
experts  in  disparities  research  outside  of  HFHS  as  well  as  inside  the  institution.  In  addition,  I 
attended  and  presented  posters  at  two  American  Association  for  Cancer  Research  conferences, 
The  Science  of  Cancer  Health  Disparities  (November  2007)  and  Telomeres  and  Telomerase  in 
Cancer  (December  2007). 
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Task  1.  to  determine  whether  selected  area  housing  and  individual  housing  status 
(homeownership,  housing  density,  and  other  housing  factors  such  as  age  of  structure  and 
heating  sources)  are  associated  with  prostate  cancer  risk,  age  at  diagnosis,  and  tumor 
aggressiveness  and  whether  housing  status  is  associated  with  observed  racial  differences  in 
these  prostate  cancer  outcomes. 

a.  Complete  the  download  of  census  housing  data. 

b.  Complete  the  capture  of  individual  level  housing  variables. 

c.  For  assessment  of  prostate  cancer  risk,  cases  and  controls  will  be  used  in  analysis. 

Age  of  diagnosis  and  tumor  aggressiveness  analyses  will  include  cases  only.  Hierarchical 
logistic  regression  will  be  performed  to  assess  the  relationship  of  area-level  and  individual 
level  housing  status  to  prostate  cancer  risk  and  tumor  aggressiveness  (Gleason  >7  or 
pathological  stage  >  T2C). 

d.  Kaplan  Meier  survival  statistics  and  Cox  proportional  hazards  models  will  be  used. 

We  anticipate  multi-colinearity  among  housing  variables  and  among  other  socioeconomic 
variables  such  as  median  household  income. 

e.  Race  stratified  analyses  will  also  be  conducted. 

Tasks  la  and  lb  have  been  completed.  Task  lb  the  collection  of  individual  level  homeownership 
data  took  longer  than  expected.  My  department  covered  the  cost  of  collecting  the  individual  level 
homeownership  data.  The  price  of  collection  increased  from  $7  dollars  to  $15  dollars  per  subject 
and  had  to  be  spread  across  twelve  months  rather  than  six  months  time  for  departmental  budget 
purposes.  Individual  level  homeownership  data  for  881  subjects  is  now  available  for  analysis.  In 
addition,  we  were  able  to  capture  housing  value.  However,  because  of  the  increased  price  of 
reports  age  of  structure  and  heating  source  at  the  individual  level  are  unavailable  for  analysis. 

Those  variables  are  available  at  the  area  level,  however,  and  will  be  incorporated  into  analyses. 

In  addition,  in  the  first  year  of  the  grant  I  was  assigned  a  statistical  advisor  who  reviewed  the  age 
at  diagnosis  outcome.  After  assessment  of  the  case-control  nature  of  the  study,  Dr.  Shultz,  senior 
biostatistician  recommended  a  cohort  design  as  more  appropriate  for  estimating  factors  that 
effect  age  at  diagnosis.  I  am  working  to  establish  a  prostate  cohort  from  existing  administrative 
data  at  HFHS  that  will  better  serve  this  outcome. 

Race  stratified  analyses  will  be  conducted  once  overall  analyses  are  completed. 

Task  2.  To  determine,  through  the  use  of  factor  analysis,  whether  area  housing  and 
individual  housing  status,  is  associated  with  prostate  cancer  risk,  age  at  diagnosis,  and 
tumor  aggressiveness,  through  “latent  factors”  that  include  diet,  physical  activity,  and 
genetic  polymorphisms  and  whether  those  “latent  factors”  differ  by  race. 

a.  We  will  conduct  factor  analysis  and  we  will  include  measures  of  housing  status 
individual  and  area  level,  diet  (total  calories,  total  fat  calories,  total  carbohydrates, 
selenium,  and  lycopene),  minutes  of  leisure  activity  and  work,  gene  polymorphisms. 

b.  Separate  analyses  will  be  conducted  by  race  as  well,  since  component  characteristics 
may  be  different  by  race. 

In  the  first  year  of  the  study,  I  was  assigned  a  doctoral  level  statistics  mentor  who  reviewed  the 
study  aims  with  me.  Dr.  Lonni  Schultz,  Senior  Biostatistician,  raised  concerns  regarding  the  high 
correlation  levels  within  categories  of  variables,  for  example  high  correlation  between  total 
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calories  and  total  fat.  These  correlations  were  much  stronger  than  correlations  across  categories 
of  variables  for  example  total  fat  and  gene  polymorphisms.  Dr.  Schultz  recommended  beginning 
with  a  multivariate  analyses  and  potentially  multi-level  analysis.  A  diagram  of  the  analysis  that 
is  underway  is  presented  in  Appendix  1 .  Shaded  boxes  indicate  data  that  has  been  analyzed  at 
the  univariate  and  bivariate  levels  thus  far. 

Task  3.  To  begin  to  test  biological  pathways  through  which  housing  status  may  impact 
prostate  health  outcomes;  specifically,  whether  housing  status  is  associated  with  markers  of 
DNA  damage  (polycyclic  aromatic  hydrocarbons  DNA-adducts  (PAH))  and  DNA  stability 
(telomere  content)  in  prostate  tumor  tissue  and  tumor-adjacent  normal  tissue  of  African- 
American  and  white  cases. 

a.  We  will  use  correlations  for  continuous  housing  measures  and  chi  square  test  for 
categorical  housing  measures. 

b.  Race  stratified  analyses  will  be  conducted. 

Now  that  individual  homeownership  data  is  available  this  task  will  be  completed.  In  preparation 
for  these  analyses,  I  have  assessed  whether  there  are  differences  in  prostate  PAH  adduct  levels 
based  on  city  of  residence  (Detroit  vs.  Non-Detroit),  as  Detroit  has  more  industry  and 
expressway  traffic  than  surrounding  suburban  communities.  Industry  and  automobile  combustion 
are  known  sources  of  PAH.  I  found  no  difference  in  mean  prostate  PAH  adduct  levels  between 
men  residing  in  the  city  of  Detroit  and  men  living  in  the  surrounding  suburbs  [mean  ±  sd:  Detroit 
residents’  prostate  tumor  tissue  adduct  levels  .151  ±  .05  vs.  Non-Detroit  .147  ±  .06,  p=.49, 
Detroit  tumor-adjacent  normal  prostate  tissue  adduct  levels  .249  ±  .08  vs.  Non-Detroit  .244  ± 

.08,  p=.54]. 

Task  4.  Reporting  of  results 

a.  Results  will  be  presented  at  professional  meetings 

b.  At  least  one  manuscript  will  be  submitted  for  publication 

c.  Dissertation  will  be  completed. 

This  task  will  be  completed  between  December  2008  and  the  close  of  the  grant  in  the  spring  of 
2009.  Since  the  Department  of  Defense  prostate  meeting  will  not  take  place  before  the  end  of 
this  project  period,  I  will  submit  a  request  in  the  Fall  2008  to  re-budget  monies  originally 
planned  for  travel  to  the  DoD  prostate  meeting  for  travel  to  the  AACR  Disparities  meeting  in 
February  2009  and  will  plan  to  present  study  results  at  that  time. 

TIT.  Key  Research  Accomplishments 

>  Census  data  for  all  881  study  subjects  has  been  captured 

>  Individual  homeownership  data  on  881  subjects  has  been  captured 

>  Developed  more  detailed  diagram  to  accomplish  Task  2 

>  Cleaned  data  set 

>  Completed  univariate  and  most  bivariate  analyses  (see  Appendix  1  shaded  boxes) 

>  Submitted  Transitioning  Investigator  disparities  proposal  to  the  Department  of  Defense  Prostate 
Research  Program  for  consideration 
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Please  note  the  manuscripts  and  posters  listed  below  as  research  accomplishmen  ts  are  only 
indirectly  related  to  the  aims  of  this  study  as  they  use  the  same  data  set.  These  accomplishments 
are  reported  here  to  show  that  the  training  environment  is  supportive  of  my  career  development 
in  prostate  cancer  and  disparities  research.  See  Appendix  2  for  copies  of  manuscripts  and 
Appendix  3  for  copies  of  abstracts. 

Manuscripts  Published  as  Part  of  the  Doctoral  Training  Program 

Tang  D,  Liu  JJ,  Rundle  A,  Neslund-Dudas  C,  Savera  AT,  Bock  CH,  Nock  NL,  Yang  JJ,  Rybicki 
BA.  Grilled  meat  consumption  and  PhIP-DNA  adducts  in  prostate  carcinogenesis.  Cancer 
Epidemiol  Biomarkers  Prev.  2007  Apr;16(4):803-8. 

NockNL,  Tang  D,  Rundle  A,  Neslund-Dudas  C,  Savera  AT,  Bock  CH,  Monaghan  KG, 
Koprowski  A,  Mitrache  N,  Yang  JJ,  Rybicki  BA.  Associations  between  smoking, 
polymorphisms  in  polycyclic  aromatic  hydrocarbon  (PAH)  metabolism  and  conjugation  genes 
and  PAH-DNA  adducts  in  prostate  tumors  differ  by  race.  Cancer  Epidemiol  Biomarkers  Prev. 
2007  Jun;  16(6):  1236-45. 

Tang  D,  Liu  JJ,  Bock  CH,  Neslund-Dudas  C,  Rundle  A,  Savera  AT,  Yang  JJ,  NockNL,  Rybicki 
BA.  Racial  differences  in  clinical  and  pathological  associations  with  PhIP-DNA  adducts  in 
prostate.  IntJ  Cancer.  2007  Sep  15;  12 1(6):  13 19-24. 

Neslund-Dudas  C,  Bock  CH,  Monaghan  K,  Nock  NL,  Yang  JJ,  Rundle  A,  Tang  D,  Rybicki  BA. 
SRD5A2  and  HSD3B2  polymorphisms  are  associated  with  prostate  cancer  risk  and 
aggressiveness.  Prostate.  2007  Nov  1;67(  15):  1654-63. 

Rybicki  BA,  Neslund-Dudas  C,  Bock  CH,  Rundle  A,  Savera  AT,  Yang  JJ,  Nock  NL,  Tang  D. 
Polycyclic  Aromatic  Hydrocarbon-DNA  Adducts  in  Prostate  and  Biochemical  Recurrence  after 
Prostatectomy. Clin  Cancer  Res.  2008  Feb  l;14(3):750-7. 

Abstracts  Presented 


Henry  Ford  Health  System  Research  Symposium,  Detroit,  MI,  Apr  13,  2007 
A  pilot  study  of  telomere  repeat  binding  factor  1  (TRF1)  protein  expression 
in  prostate  tumor  and  adjacent  non-tumor  cells  of  African-Americans  and  Caucasians. 

C,  Neslund-Dudas,  S.P.  Dudas,  A.K.  Meeker,  X.  Zhang,  A.T.  Savera,  B.A.  Rybicki 

AACR  -  The  Science  of  Cancer  Health  Disparities,  Atlanta,  GA,  Nov  27-30,  2007 
Coffee,  beer,  and  wine  consumption  and  PhIP-DNA  adducts  in  black  and  white  men  with 
prostate  cancer.  C.  Neslund-Dudas,  D.  Tang,  C.H.  Bock,  A.  Rundle,  N.  Nock,  J.  Beebe- 
Dimmer,  B.A.  Rybicki 

AACR  -  Telomeres  and  Telomerase  in  Cancer,  San  Francisco,  CA,  Dec  6-9,  2007 
A  pilot  study  of  telomere  repeat  binding  factor  1  (TRF1)  and  telomere  content  in  prostatectomy 
specimens  of  black  and  white  men  with  prostate  cancer.  C.  Neslund-Dudas,  S.P.  Dudas,  A.K. 
Meeker,  X.  Zhang,  A.T.  Savera,  R.  Mikita,  B.A.  Rybicki. 
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IV.  Reportable  Outcomes 

Reportable  outcomes  are  expected  for  the  next  review.  I  anticipate  analyses  to  be  complete  in 
November-December  2008  now  that  data  cleaning  and  acquisition  of  individual  level  home 
ownership  is  complete.  Manuscripts  will  be  prepared  between  December  and  the  close  of  the 
grant  period. 

V.  Conclusion 

In  2008-2009,  the  final  year  of  this  two  year  pre-doctoral  training  grant,  I  plan  to  complete  the 
area  and  individual  housing  analyses  planned  in  Aims  1  thru  3. 1  will  complete  my  dissertation 
and  submit  manuscripts  related  to  this  project.  Data  acquisition  and  analysis  has  moved  more 
slowly  than  planned.  I  have  worked  with  my  dissertation  committee  to  outline  a  plan  for  timely 
completion  of  this  project  which  includes  a  dissertation  defense  before  the  end  of  2008  and  work 
on  manuscripts  in  the  first  quarter  of  2009,  meeting  the  timeline  and  goals  for  this  study. 

VI.  References 

None 
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APPENDIX  I 


Residential  Segregation  as  a  Fundamental  Social  Cause  of  Disparities  in  Prostate  Cancer 


Fundamental  Intermediate  Proximal  Health 

Outcomes 


Note:  Shading  indicates  variables  that  have  been  cleaned  and  assessed  on  the  univariate  and  bivariate  level. 
Stress  will  not  be  included  but  is  listed  here  as  a  factor  that  in  the  future  should  be  taken  into  account. 
Neighborhood  variables  (for  example:  median  household  income,  %  black  residents,  %  male  headed 
households,  %  below  poverty)  are  in  the  process  of  being  assessed  at  the  univariate  and  bivariate  levels. 


APPENDIX  II 


Publications  2007-2008 


NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript 


NIH  Public  Access 

Author  Manuscript 

Published  in  final  edited  form  as: 

Cancer  Epidemiol  Biomarkers  Prev.  2007  April ;  16(4):  803-808. 

Grilled  Meat  Consumption  and  PhIP-DNA  Adducts  in  Prostate 
Carcinogenesis 

Deliang  Tang^,  Jason  J.  Liu^,  Andrew  Rundle^,  Christine  Neslund-Dudas^,  Adnan  T. 

Savera®,  Cathryn  H.  Bock®,  Nora  L.  Nock®,  James  J.  Yang^,  and  Benjamin  A.  Rybicki^ 

1  Department  of  Environmental  Health  Sciences,  Columbia  University  Mailman  School  of  Public  Health,  New 

York,  New  York 

2Department  of  Epidemiology,  Columbia  University  Mailman  School  of  Public  Health,  New  York,  New  York 

3 Department  of  Population  Studies  and  Prevention  Program,  Karmanos  Cancer  Institute,  Wayne  State 

University  School  of  Medicine 

4 Department  of  Biostatistics  and  Research  Epidemiology,  Henry  Ford  Health  System,  Detroit,  Michigan 

5 Department  of  Surgical  Pathology,  Henry  Ford  Health  System,  Detroit,  Michigan 

6 Department  of  Epidemiology  and  Biostatistics,  Case  Western  Reserve  University,  Cleveland,  Ohio 

Abstract 

2- Amino- 1  -methyl-6-phenylimidazo[4,5-Zi]pyridine  (PhlP)  is  the  major  heterocyclic  amine 
generated  from  cooking  meats  at  high  temperatures,  and  dietary  exposures  have  been  shown  to  induce 
prostate  cancer  in  rats.  PhlP  derives  its  carcinogenic  potential  through  the  formation  of  PhIP-DNA 
adducts.  The  purpose  of  this  study  was  to  examine  whether  self-reported  consumption  and 
preparation  doneness  of  grilled  meats  were  associated  with  PhIP-DNA  adduct  levels  in  prostate 
epithelial  cells.  The  study  population  consisted  of  268  African-American  and  Caucasian  men  who 
underwent  radical  prostatectomy  for  prostate  cancer.  PhIP-DNA  adducts  in  tumor  and  adjacent 
nontumor  cells  were  measured  using  immunohistochemical  methods,  and  dietary  meat  intake 
information  was  based  on  food  frequency  questionnaires.  Data  were  analyzed  using  multivariate 
linear  regression  models.  After  adjusting  for  age  at  prostatectomy  and  race,  grilled  meat  consumption 
(P  =  0.002)  was  significantly  associated  with  higher  adduct  levels  in  tumor  cells,  but  this  association 
seemed  to  be  primarily  due  to  consumption  of  grilled  red  meats  (P  =  0.001)  as  opposed  to  grilled 
white  meat  consumption  (P  =  0. 1 5).  Among  the  specific  food  items,  grilled  hamburger  consumption 
had  the  most  significant  association  with  adduct  level  in  tumor  cells  ( P  =  0.002).  Similar  trends  in 
positive  associations  with  grilled  meat  consumption  and  adduct  levels  were  observed  in  nontumor 
cells,  but  none  of  these  associations  reached  statistical  significance.  Our  results  suggest  that  dietary 
interventions  targeted  at  lower  consumption  of  grilled  red  meats  may  reduce  prostate  cancer  risk  via 
the  PhlP  prostate  carcinogenic  pathway. 


Introduction 

2-Amino-l-methyl-6-phenylimidazo[4,5-Z>]pyridine  (PhlP)  is  the  most  abundant  heterocyclic 
amine  (HCA)  formed  during  the  cooking  of  meat  (1)  and  is  a  potential  dietary  risk  factor  for 
prostate  and  other  cancers.  In  rats,  PhlP  preferentially  targets  the  colon  and  prostate  in  males, 
the  mammary  glands  in  females,  and  lymphoid  cells  in  both  males  and  females  (2),  whereas 
in  mice,  it  induces  lymphoma  (3).  Subsequent  studies  have  firmly  established  that  PhlP  is  a 
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potent  prostate  carcinogen  in  rats  (4,5).  In  humans,  meat  consumption  assessed  by  food 
frequency  questionnaires  has  been  used  as  a  possible  surrogate  for  PhIP  and  other  HCA  intake. 
Studies  have  found  that  intake  of  grilled  meat  increased  the  risk  of  colorectal  adenomas  (6) 
and  stomach  cancer  (7),  intake  of  fried  meat  increased  lung  cancer  risk  (8),  and  higher  estimated 
HCA  intake  increased  breast  cancer  risk  (9).  A  large  prospective  study  of  men  enrolled  in  the 
Prostate,  Lung,  Colorectal,  and  Ovarian  Screening  Trial  found  that  the  highest  quintile  of 
dietary  PhIP  intake  was  associated  with  a  1.2-fold  increased  risk  of  prostate  cancer  (10). 
Overall,  epidemiologic  evidence  for  consumption  of  meat  as  a  risk  factor  for  prostate  cancer 
risk  is  equivocal  ( 1 1).  In  two  of  the  more  recent  studies  of  prostate  cancer  and  meat  consumption 
conducted  in  the  United  States,  increased  meat  consumption  was  positively  associated  with 
prostate  cancer  risk  in  African  Americans,  but  not  Caucasians  (12,13).  In  the  United  States, 
African-American  men  have  a  60%  higher  incidence  of  prostate  cancer  compared  with  whites 
(14).  Coincidentally,  mean  dietary  HCA  intake  is  ~2-  to  3-fold  greater  in  African-American 
males  than  their  white  male  counterparts  (15). 

Compared  with  the  use  of  food  frequency  questionnaires  to  estimate  HCA  intake  or  urinary 
excretion  to  assess  metabolism,  PhIP-DNA  adducts  serve  as  a  biomarker  of  a  chemical-specific 
measure  of  individual  biologically  effective  dose.  PhIP  is  a  promutagen  that  is  efficiently 
metabolized  into  reactive  species  that  are  direct  acting  mutagens.  Bioactivation  of  PhIP  to 
carcinogenic  species  in  vivo  is  initiated  by  N-oxidation  of  the  compound,  which  is  catalyzed 
by  cytochrome  P4501A2  (CYP1A2;  ref.  16).  Subsequent  acetylation  or  sulfation  of  the  N- 
hydroxy-PhlP  catalyzed  by  /V-acety  I  transferases  or  sulfotransferases  generate  .Y-acctoxy-  or 
Y-sul  fonyloxy-PhIP.  electrophilic  compounds  that  bind  covalently  to  DNA  to  form  PhIP 
adducts  (17,18).  The  formation  of  PhIP-DNA  adducts  via  nitrenium  ion  chemistry  results  in 
structural  changes  in  the  DNA  and  possibly  mutations  in  genes  controlling  cell  proliferation, 
thus  leading  to  tumor  formation  (19).  Human  prostate  cells  metabolize  PhIP  to  its  mutagenic 
form  (20,21)  and  form  PhIP-DNA  adducts  after  being  exposed  to  PhIP  in  vivo  (22-24). 

The  content  of  PhIP  in  cooked  meats  varies  by  both  the  type  of  meat  and  its  method  of 
preparation  (25,26),  but  the  assessment  of  individual  human  exposure  is  very  complex  with 
estimated  PhIP  exposure  levels  varying  by  at  least  two  orders  of  magnitude  (27).  Recent  studies 
that  link  survey  data  to  food  databases  of  HCA  content  have  estimated  that  pan  frying  and 
chicken  are  the  cooking  method  and  meat  that  comprise  the  primary  source  of  dietary  PhIP 
exposure  in  American  men  (15,28),  but  these  studies  rely  on  the  linkage  of  two  data  sources 
with  a  large  amount  of  variation.  In  addition,  most  studies  have  consistently  found  that  grilling/ 
barbecuing  is  the  cooking  method  that  generally  produces  the  highest  HCA  content  (25,28, 
29).  In  any  particular  population,  the  relationship  between  dietary  consumption  of  PhIP  and 
its  biologically  effective  dose  will  depend  on  local  dietary  habits  and  cooking  methods, 
individual  susceptibilities  in  PhIP  metabolism,  and  the  target  organ  of  interest. 

If  PhIP  is  an  important  prostate  cancer  risk  factor,  then  identification  of  dietary  sources  of  PhIP 
correlated  with  a  marker  of  its  biologically  effective  dose,  PhIP-DNA  adducts,  in  the  prostate 
will  provide  useful  data  for  future  dietary  chemoprevention.  In  the  present  study,  we  tested  for 
associations  between  PhIP-DNA  adduct  level  in  prostatic  epithelial  cells  and  known  dietary 
sources  of  PhIP  exposure,  namely,  consumption  of  grilled  and  overcooked  meats. 

Materials  and  Methods 

Study  Sample 

The  study  population  consisted  of  men  who  were  part  of  the  Henry  Ford  Health  System 
(HFHS).  The  HFHS  is  composed  of  an  800-bed  hospital  in  the  city  of  Detroit,  3  smaller 
hospitals  in  surrounding  suburbs,  and  31  medical  clinics  located  throughout  the  metropolitan 
Detroit  area.  Eligible  cases  used  the  HFHS  as  their  primary  source  of  health  care,  lived  in  the 
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study  area  at  time  of  recruitment,  had  no  other  serious  medical  problems  that  would  preclude 
participation,  and  had  no  previous  history  of  prostate  cancer.  Potential  cases  were  identified 
by  HFHS  pathology  reports  of  primary  adenocarcinoma  of  the  prostate.  Cases  recruited  for 
study  were  sent  a  letter  introducing  the  study  protocol,  followed  by  a  phone  call  from  a  study 
interviewer.  Those  who  agreed  to  participate  were  asked  to  complete  a  two-part  interviewer- 
administered  risk  factor  questionnaire  (the  first  part  was  conducted  over  the  phone,  and  the 
second  part  was  done  in  person)  and  donate  a  blood  sample  for  DNA  analysis.  Race  was  self- 
reported  by  participants.  All  study  protocols  were  approved  by  the  Henry  Ford  Hospital 
Institutional  Review  Board. 

Between  July  1,  2001  and  December  31,  2004,  we  attempted  to  enroll  863  men  who  had  been 
diagnosed  with  prostate  cancer  within  the  last  2  years  as  part  of  a  prostate  cancer  case-control 
study,  and  668  agreed  to  participate  (77%).  During  the  course  of  enrollment,  8  cases  were  found 
ineligible,  and  23  cases  did  not  complete  the  study  protocol,  resulting  in  final  study 
participation  percentages  of  74%  (637/855).  Of  these  637  cases,  434  (68%)  underwent  radical 
prostatectomy.  Cases  undergoing  prostatectomy  were,  on  average,  younger  (61.0  years  versus 
65. 1  years,  P  <  0.001)  but  did  not  differ  by  race  (43.2%  African  American  in  both  groups)  or 
by  Gleason  score  (biopsy  Gleason  >  7:  43.1%  versus  42.1%).  The  present  study  includes  the 
first  268  prostatectomy  patients  who  had  tissue  samples  available  for  immunohistochemical 
studies  of  PhIP-DNA  adduct  determination.  The  demographic  and  clinical  characteristics  of 
the  study  population  are  shown  in  Table  1.  Date  of  surgery  and  tumor  grade  were  abstracted 
from  the  surgical  pathology  report. 

Food  Questionnaires 

Dietary  intake  as  well  as  food  preparation  method  and  doneness  were  ascertained  using 
questions  adapted  from  a  validated  questionnaire  (30).  Grilled  meats  were  defined  as  meats 
cooked  over  charcoal  or  a  hot  gas  flame.  Meat  servings  and  preparation  doneness  data  were 
collected  through  the  following  questions.  For  determining  grilled  meat  servings,  the  question 
of  “in  the  summer  months,  did  you  eat  meats  cooked  on  an  outdoor  grill  or  barbecue”  was 
asked.  If  the  respondent  answered  yes  for  outdoor  grilled  meat  intake,  then  the  following 
questions  of  “in  the  summer  months,  how  often  did  you  eat  the  following  grilled  meats  (steak 
or  pork  chops,  hamburgers,  hot  dogs,  chicken  with  skin,  chicken  without  skin,  fish)”  were 
asked.  For  determining  smoked  meat  servings,  the  questions  of  “how  often  did  you  eat  smoked 
ham,  turkey,  or  other  smoked  meats”  and  “how  often  did  you  eat  smoked  fish”  were  asked. 
Preparation  doneness  was  determined  for  grilled  meats  in  grilled  steaks  or  chops,  grilled 
hamburgers,  and  grilled  hot  dogs  through  the  questions  of  “when  you  ate  grilled  (steak  or  pork 
chops,  hamburgers,  and  hot  dogs),  how  were  they  cooked?”  The  number  of  servings  categories 
include  “<1  per  month,”  “1  to  4  times  per  month,”  “5  to  9  times  per  month,”  “10  to  15  times 
per  month,”  and  “>15  times  per  month.”  The  preparation  doneness  categories  include  “rare,” 
“medium,”  “well  done,”  and  “very  well  done.” 


Pathology 

H&E-stained  slides  of  study  cases  were  reviewed  by  the  study  pathologist  (A.T.  Savera)  to 
confirm  the  diagnosis  and  to  identify  a  paraffin  block  with  sufficient  tumor  and  nontumor 
prostatic  tissue  staining.  For  each  patient  sample,  a  microtome  was  used  to  cut  five  consecutive 
sections  (5  pmol/L  thick)  from  the  tissue  block.  One  slide  was  H&E  stained  and  examined  by 
the  study  pathologist  who  circled  two  separate  areas  of  tumor  and  normal  cell  populations  to 
be  used  for  adduct  scoring. 

Immunohistochemistry 

Immunohistochemical  studies  were  done  as  described  by  Takahashi  et  al.  (31)  and  Zhu  et  al. 
(32).  Sensitivity  and  specificity  of  the  antibody  were  described  previously  (31).  The  sensitivity 
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was  one  to  two  adducts  per  107  nucleotides,  whereas  the  target  of  the  anti-PhIP-DNA  adduct 
antibody  was  PhIP-bound  DNA  rather  than  unbound  PhlP  or  its  metabolite  (31).  The  paraffin- 
embedded  sections  were  baked  at  59°C  for  1  h,  deparaffinized  in  xylene,  and  rehydrated  in 
serial  alcohol.  Endogenous  peroxidase  activity  was  blocked  using  0.3%  H2O2  in  methanol  for 
20  min.  After  treatment  using  RNase  and  proteinase  K,  the  sections  were  blocked  using  3% 
bovine  serum  albumin  and  normal  goat  serum.  The  primary  anti-PhIP-DNA  adduct  polyclonal 
antibody  was  provided  by  Dr.  Shirai  (Nagoya  City  University  Medical  School,  Nagoya,  Japan). 
The  polyclonal  antibody  was  incubated  with  the  sections  at  4°C  overnight  in  a  humid  chamber 
at  a  dilution  of  1:750.  In  addition,  the  biotinylated  secondary  antibody  was  incubated  with  the 
sections  at  room  temperature  for  30  min  at  a  dilution  of  1:200.  The  antibody  complex  was 
detected  using  an  avidin-biotin-peroxidase  complex  solution  and  visualized  using  3,3'- 
diaminobenzidine  (Zymed  Laboratories,  Inc.,  San  Francisco,  CA).  A  negative  control  was 
included  in  each  experiment  by  omitting  the  primary  antibody.  The  staining  specificity  was 
confirmed  using  the  primary  antibody  that  had  been  pre-absorbed  with  2  or  20  pg/mL  DNA 
extract  from  MCF-7  cells  treated  with  150  pmol/L  A'-hydroxy-PhIP.  A  cytospin  sample  of 
MCF-7  cells  without  PhlP  treatment  was  included  in  each  batch  of  staining.  Staining  was 
measured  by  absorbance  image  analysis  using  a  Cell  Analysis  System  200  microscope  as 
described  previously  (33).  Absorbance  of  light  at  a  wavelength  of  500  nmol/L  was  measured 
because  methyl  green  does  not  absorb  light  at  this  wavelength,  whereas  diaminobenzidine  does. 
For  each  prostate  specimen,  two  technicians  independently  scored  50  epithelial  cells  (five  fields 
with  10  cells  per  field  scored)  in  the  two  areas  (tumor  and  nontumor)  circumscribed  by  the 
study  pathologist.  The  final  score  was  the  mean  of  the  two  technicians’  scores.  Scored  cells 
were  selected  to  be  representative,  in  terms  of  intensity,  of  the  cells  in  the  field.  Staining 
intensity  was  represented  by  the  absorbance  value. 

Statistical  Analyses 

Multivariate  linear  regression  analyses  were  used  to  determine  whether  meat  consumption  was 
associated  with  PhlP-DNA  adduct  levels  in  nontumor  and  tumor  prostatic  epithelial  cells. 
Potential  batch  effects  in  the  PhlP-DNA  adduct  assay  were  taken  into  account  by  assaying  a 
control  slide  with  each  experimental  batch  to  compute  a  batch  correction  factor  that  was  the 
difference  between  the  adduct  level  of  the  control  slide  in  a  single  batch  and  the  mean  adduct 
level  of  the  control  slides  across  all  batches.  The  batch-adjusted  adduct  level  was  the  crude 
adduct  level  minus  the  batch  correction  factor.  This  approach  was  used  in  our  previous  studies 
involving  PAH-DNA  (33)  and  PhlP-DNA7  adducts.  The  distribution  of  adjusted  adduct  levels 
was  found  to  be  close  to  normal,  and  hence,  no  log  transformation  was  necessary  for  that 
variable.  Due  to  the  low  number  of  subjects  who  reported  eating  many  servings  of  individual 
meats,  as  well  as  rare  and  very  well-done  meat,  both  number  of  servings  and  preparation 
doneness  variables  were  dichotomized  for  multiple  regression  analyses.  For  variables  of 
consumption,  study  subjects  were  grouped  into  consumers  or  nonconsumers.  For  variables  of 
preparation  doneness,  subjects  were  grouped  into  “rare  and  medium”  meat  consumers  or  “well 
done  and  very  well  done”  meat  consumers.  For  the  combined  meat  consumption  variables, 
individual  dichotomous  meat  consumption  variables  were  scored  as  a  “1”  for  those  who 
consumed  each  meat  and  “0”  for  those  who  did  not  and  summed  across  all  meat  categories. 
Total  grilled  white  meat  consumption  included  intake  of  grilled  chicken  with  and  without  skin 
and  fish.  Total  grilled  red  meat  consumption  included  intake  of  grilled  hamburger,  hot  dog, 
and  steak/pork  chop. 

To  determine  whether  our  findings  were  specific  to  red  meat  consumption  prepared  on  the  grill 
during  the  summer,  we  also  examined  whether  PhlP-DNA  adduct  level  was  associated  with 
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season.  Date  of  prostatectomy  was  grouped  into  one  of  the  four  different  seasons,  and  an 
ANOVA  was  done  to  test  for  heterogeneity  of  mean  adduct  levels  across  the  four  groups. 

All  models  adjusted  for  age  at  prostatectomy  and  race  (African  American  or  Caucasian). 
Associations  between  meat  consumption  variables  and  PhIP-DNA  adduct  levels  were 
examined  separately  for  nontumor  and  tumor  prostatic  epithelial  cells. 


Results 


PhIP-DNA  adduct  level  was  found  to  be  significantly  higher  in  nontumor  cells  (mean 
absorbance,  0.17)  compared  with  that  in  tumor  cells  (mean  absorbance,  0.10;  P  <  0.0001). 
Race  and  age  at  prostatectomy  were  not  significantly  associated  with  adduct  level  in  either 
nontumor  or  tumor  cells.  Race  was  significantly  associated  with  steak  consumption,  hamburger 
consumption,  chicken  with  skin  consumption,  and  chicken  without  skin  consumption. 

PhIP-DNA  adduct  levels  across  different  meat  consumption  categories  are  shown  in  Table  2. 
With  the  exception  of  grilled  fish,  those  who  consumed  grilled  meats  had  higher  mean  PhIP- 
DNA  adduct  levels  in  both  nontumor  and  tumor  cells  than  those  who  did  not.  Those  who 
consumed  three  different  specific  red  meats  had  a  mean  nontumor  cell  adduct  level  of  0. 177  ± 
0.038  absorbance,  compared  with  0.163  ±  0.048  absorbance  ( P  =  0.057)  for  those  who 
consumed  no  red  meat  at  all,  whereas  those  who  consumed  three  different  specific  red  meats 
have  a  mean  tumor  cell  adduct  level  of  0. 1 13  ±  0.025  absorbance,  compared  with  0.0988  ± 
0.025  absorbance  for  those  who  consumed  no  red  meat  at  all  (P  =  0.001).  In  contrast,  higher 
PhIP-DNA  adduct  levels  were  not  observed  across  the  four  levels  of  doneness  for  the  three 
food  groups  for  which  this  meat  preparation  question  was  asked  (Table  3). 

After  adjusting  for  age  at  prostatectomy  and  race,  total  meat  consumption  ([i  =  0.002,  P  =  0.002) 
and  total  grilled  red  meat  consumption  (/I  =  0.005,  P  =  0.001)  were  found  to  be  significantly 
associated  with  adduct  level  in  tumor  cells  (Table  4).  Total  grilled  white  meat  consumption 
was  not  significantly  associated  with  adduct  level  in  either  tissue  type. 

In  analyses  involving  specific  grilled  red  meats  (Table  4),  the  association  between  grilled 
hamburger  consumption  and  PhIP-DNA  adduct  level  was  marginally  significant  in  nontumor 
cells  (JS  =  0.010,  P  =  0.077),  but  was  significant  in  tumor  cells  (JS  =  0.01 1,  P  =  0.002).  Grilled 
steak/pork  chop  (JS  =  0.008,  P  =  0.020)  and  grilled  hot  dog  consumption  (/?  =  0.009,  P  =  0.009) 
were  also  significantly  associated  with  adduct  level  in  tumor  cells.  Other  specific  meat  items 
in  which  consumption  was  associated  with  increased  adduct  level  include  grilled  chicken  with 
skin  consumption  (JS  =  0.008,  P  =  0.019)  in  tumor  cells. 

Next,  we  ran  a  series  of  multivariate  models  that  included  covariates  for  all  six  of  the  specific 
meat  consumption  categories  to  adjust  for  interdependence  among  the  six  categories.  Because 
no  significant  associations  were  found  between  the  different  food  doneness  categories  and 
adduct  level,  we  chose  not  to  include  any  variables  for  doneness  in  our  multivariate  models. 
First,  we  ran  two  saturated  models  for  adduct  levels  of  nontumor  and  tumor  cells,  forcing  all 
six  meat  category  variables  into  the  model  as  well  as  covariates  adjusting  for  race  and  age  at 
prostatectomy.  In  general,  effect  estimates  for  all  food  variables  tended  to  decrease  both  in 
magnitude  and  statistical  significance  in  the  saturated  models,  with  none  of  the  specific  grilled 
red  meat  consumption  categories  significantly  associated  with  adduct  level  in  either  nontumor 
or  tumor  cells  (Table  5).  We  then  used  backward  elimination  regression  to  obtain  best-fitting 
models  of  specific  meat  consumption  categories  for  adduct  levels  after  adjusting  for  age  at 
prostatectomy  and  race.  For  nontumor  cells,  only  grilled  hot  dog  consumption  was  retained  in 
the  model  (JS=  0.0 10,  P  =  0.076),  whereas  for  tumor  cells,  only  grilled  hamburger  consumption 
was  retained  (JS  =  0.01 1,  P  =  0.002). 
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Our  analysis  comparing  PhIP-DNA  adduct  levels  by  the  season  in  which  the  prostatectomy 
was  done  showed  that  there  was  no  significant  seasonal  variations  for  either  nontumor  or  tumor 
cells. 

Discussion 

Our  study  results  are  novel  in  linking  dietary  PhlP  exposure  with  a  biologically  effective  dose 
biomarker,  PhIP-DNA  adducts,  in  the  prostate.  Although  we  could  not  examine  whether  higher 
PhIP-DNA  adduct  levels  increased  prostate  cancer  risk,  a  recent  prospective  human  study 
found  that  the  highest  quintile  of  dietary  PhlP  intake  was  associated  with  a  1.2-fold  increased 
risk  of  prostate  cancer  (10).  Although  several  previous  studies  have  examined  biomarkers  of 
PhlP  exposure  such  as  urine  metabolites  (34-36)  and  hair  (37),  only  a  few  studies  have 
attempted  to  correlate  a  biologically  effective  measure  of  PhlP  exposure,  PhIP-DNA  adduct 
levels,  in  humans  with  self-reported  exposure  histories  (32,38).  Only  a  few  studies  have  assayed 
for  PhIP-DNA  adducts  in  the  tissues  taken  from  the  target  organ  in  which  the  cancer  occurred 
(32,39).  In  a  breast  cancer  study,  no  direct  correlation  between  different  types  of  meat 
consumption  and  PhIP-DNA  adducts  levels  was  found,  but  a  suggestive  interaction  between 
A-accty  I  trails  fcrase  genotype  and  well-done  meat  consumption  was  reported  (32).  In  a 
pancreatic  cancer  study,  PhIP-DNA  adducts  were  detected  in  human  pancreatic  tissue  samples 
obtained  from  patients  with  unknown  exposure  to  HCA  (39).  In  the  present  study,  we  examined 
self-reported  grilled  meat  consumption  as  a  potential  dietary  source  of  PhlP  exposure  and  found 
that  grilled  red  meat  and  total  meat  consumption  were  significantly  associated  with  adduct 
levels  in  prostatic  tumor  cells. 

In  general,  we  found  the  strongest  associations  between  specific  types  and  amount  of  grilled 
meat  consumption  and  PhIP-DNA  adduct  level  in  tumor  cells.  Differences  in  the  cellular 
microenvironment  of  tumor  and  nontumor  cells,  such  as  aberrant  methylation,  may  lead  to 
decreased  activity  of  enzymes  involved  in  the  detoxification  of  PhlP  in  tumor  cells,  which  in 
turn  could  result  in  a  stronger  correlation  between  reported  eating  habits  and  a  tissue-based 
biomarker  of  PhlP  in  tumor  cells.  For  example,  silencing  of  GSTP 1  through  hyper-methylation 
has  been  observed  in  prostate  tumor  cells  but  not  normal  cells  (40),  and  in  vitro  studies  have 
shown  that  GSTP  1  expression  is  correlated  with  PhIP-DNA  adduct  levels  in  the  prostate 
(2 1).  In  terms  of  consumption,  PhIP-DNA  adduct  level  was  linearly  associated  with  total  grilled 
red  meat  consumption  in  both  nontumor  and  tumor  cells.  This  finding  was  consistent  with 
previous  animal  studies,  which  found  a  dose-response  relationship  between  PhlP  intake  and 
PhIP-DNA  adduct  formation  (41,42).  It  was  also  consistent  with  epidemiologic  studies 
involving  humans,  which  showed  associations  between  red  meat  intake  and  increased  risk  of 
colorectal  adenomas  (43),  lung  (44),  stomach  (7),  and  breast  cancers  (9,45).  Our  food 
questionnaire  was  limited  to  only  several  types  of  grilled  meats,  but  given  our  results,  it  would 
be  interesting  to  examine  whether  consumption  of  other  grilled  meats,  such  as  grilled  bacon 
or  grilled  sausage,  is  associated  with  PhIP-DNA  adduct  level  in  prostate  cells.  The  main 
limitation  of  assessing  the  contributions  of  the  consumption  of  specific  meats  on  adduct  levels 
using  the  saturated  model  is  that  these  consumption  categories  are  highly  correlated  to  each 
other.  In  our  study,  specific  red  meat  items  that  were  significantly  associated  with  PhIP-DNA 
adduct  level  in  tumor  cells  when  they  were  analyzed  separately  lost  their  significance  when 
put  together  in  the  same  multivariate  model. 

We  did  not  find  any  association  between  preparation  doneness  and  adduct  level.  Recall  error 
and  exposure  misclassification  may  have  contributed  to  our  lack  of  finding  an  association 
between  PhIP-DNA  adduct  level  and  meat  doneness.  Because  the  hamburgers,  steaks,  and  hot 
dogs  in  this  study  were  all  grilled  outdoors,  there  was  a  lack  of  a  controlled  standard  for 
doneness  levels.  It  was  likely  that  subjects  simply  ascribed  their  preference  for  meat  doneness 
in  restaurants  to  the  doneness  of  outdoor  grilled  meats,  although  the  restaurant  preference  may 
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not  reflect  the  actual  doneness  level  of  the  outdoor  grilled  meats  according  to  a  fixed  standard, 
because  no  definitions  or  pictures  of  the  four  doneness  levels  were  presented  to  the  subjects. 
This  notion  is  supported  by  a  previous  doneness  exposure  indicator  study,  which  found  that 
HCA  levels  in  home-cooked  meat  samples  were  significantly  different  when  samples  were 
visually  classified  for  doneness,  but  not  when  self-reported  doneness  preference  was  used  to 
classify  doneness  (46).  Dietary  PhIP  intake  is  thought  to  be  underestimated  by  food  frequency 
questionnaires  primarily  because  of  the  difficulty  in  accurately  assessing  cooking  methods  that 
produce  high  PhIP  levels  (47).  Furthermore,  whereas  studies  of  meat  samples  show  that  HCA 
levels  vary  significantly  by  doneness  level  (15,25,29),  the  majority  of  the  variation  in  dietary 
PhIP  intake  assessed  by  food  frequency  questionnaires  is  generally  accounted  for  by  the  type 
of  food  and,  secondarily,  the  cooking  method  (28,48).  This  likely  explains  why  a  previous 
study  of  dietary  HCA  intake  and  prostate  cancer  risk  found  an  association  between 
consumption  of  well-done  beefsteak  and  prostate  cancer,  but  failed  to  find  any  overall 
association  between  meat  doneness  and  prostate  cancer  risk  (49). 

The  questionnaire  data  we  collected  in  the  present  study  did  not  allow  us  to  examine  year- 
round  dietary  intake  of  individual  meat  items  nor  all  the  various  methods  of  food  preparation. 
In  fact,  the  associations  we  found  with  PhlP-DNA  adduct  level  in  the  prostate  were  specific  to 
meat  consumption  during  the  summer  months.  However,  consumption  of  grilled  red  meat  and 
hamburger  in  the  summer  months  could  also  reflect  consumption  of  these  foods  at  different 
times  of  the  year  and  cooked  by  different  methods.  Because  PhlP-DNA  adducts  are  gradually 
repaired  in  cells  following  their  formation  (50),  we  tested  whether  the  season  of  surgery 
affected  adduct  level  after  controlling  for  intake  level  of  various  meats,  but  found  no  significant 
association  between  the  date  of  prostate  surgery  and  adduct  level.  This  suggests  that  grilled 
red  meat  consumption  did  not  increase  significantly  in  our  sample  during  the  summer  months, 
and  that  PhlP-DNA  adduct  level  in  the  prostate  is  associated  more  with  meat  consumption 
rather  than  the  specific  method  of  cooking. 

In  summary,  we  have  shown  that  in  men  with  prostate  cancer,  consumption  of  certain  types  of 
meat  with  known  high  PhIP  content  is  directly  related  to  PhlP-DNA  adduct  level  in  tumor  and 
nontumor  prostate  cells.  These  results  may  have  important  implications  with  regard  to 
preventive  strategies  in  prostate  cancer.  Although  epidemiologic  studies  showing  a  direct  link 
between  PhlP-DNA  adduct  level  and  increased  prostate  cancer  risk  are  still  lacking,  strong 
evidence  exists  from  animal  studies  (4,5,51-53)  that  PhIP  is  involved  in  prostate 
carcinogenesis.  Our  results  suggest  that  grilled  red  meat  consumption  is  an  important  factor  to 
consider  in  the  study  of  the  PhIP  prostate  carcinogenic  pathway  in  humans. 
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Table  1 

Characteristics  of  study  population  (N=  268) 


Characteristic 

Mean  ±  SD 

Age  at  prostatectomy  (y) 

61.3  ±6.9 

Prostate  specific  antigen  at  diagnosis  (ng/mL) 

7.0  ±6.3 

Race 

Number  (%) 

Caucasian 

163  (60.8) 

African  American 

105  (39.2) 

Total  Gleason  grade 

5 

1  (0.4) 

6 

85  (32.7) 

7 

128  (49.2) 

8 

29(11.2) 

9 

17(6.5) 
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Table  2 

Mean  PhIP-DNA  adduct  level  in  prostate  nontumor  and  tumor  cells  of  prostate  cancer  cases  across  meat  consumption  categories  (N=  268) 
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Table  3 

Mean  PhIP-DNA  adduct  level  in  prostate  nontumor  and  tumor  cells  of  prostate  cancer  cases  across  meat  preparation  categories 


Tang  et  al. 
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Table  4 

Association  between  meat  consumption  and  PhIP-DNA  adduct  level,  adjusted  for  age  at  prostatectomy  and  race 
(A  =268) 


Food  category 

Nontumor 

Tumor 

P  (95%  Cl) 

P  value 

P  (95%  Cl) 

P  value 

* 

Combined  meats 

Grilled  red  meat 

0.004  (-9  x  10A  0.009) 

0.055 

0.005  (0.002,  0,007) 

0.001 

Grilled  white  meat 

0.004  (-0.002,  0.009) 

0.224 

0.003  (-0.001,0.006) 

0.146 

All  meat^ 

0.002  (-2  x  10~4,  0.005) 

0.072 

0.002(0.001,0.004) 

0.002 

Specific  meats'^ 

Grilled  steak/pork  chop 

0.007  (-0.004,  0.017) 

0.225 

0.008(0.001,0.014) 

0.020 

Grilled  hamburger 

0.010  (-0.001,  0.021) 

0.077 

0.011  (0.004,  0.018) 

0.002 

Grilled  hot  dog 

0.010  (-0.001,  0.022) 

0.076 

0.009  (0.002,  0.016) 

0.009 

Grilled  chicken  with  skin 

0.007  (-0.005,0.018) 

0.241 

0.008(0.001,0.015) 

0.019 

Grilled  chicken  without  skin 

0.008  (-0.004,  0.019) 

0.181 

0.002  (-0.005,  0.009) 

0.510 

Grilled  fish 

-0.001  (-0.015,  0.012) 

0.877 

-0.001  (-0.009,  0.008) 

0.856 

p  estimate  represents  increment  of  adduct  level  increase  associated  with  consumption  of  each  additional  meat  item  in  this  category. 
^Grilled  meats  and  smoked  meats. 

^p  estimate  represents  increment  of  adduct  level  increase  associated  with  consumption  of  meat  item. 
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Table  5 

Multivariate  modeling  of  consumption  of  specific  meats  and  PhIP-DNA  adduct  level,  adjusted  for  age  at 
prostatectomy  and  race  (N=  268) 


Food  category 

Nontumor 

Tumor 

P*  (95%  Cl) 

P  value 

P  (95%  Cl) 

P  value 

Grilled  steak/pork  chop 

-0.001  (-0.016,  0.014) 

0.876 

0.001  (-0.008,  0.010) 

0.763 

Grilled  hamburger 

0.005  (-0.011,  0.021) 

0.547 

0.008  (-0.002,  0.018) 

0.102 

Grilled  hot  dog 

0.007  (-0.007,  0.022) 

0.311 

0.004  (-0.004,  0.013) 

0.334 

Grilled  chicken  with  skin 

0.003  (-0.011,  0.017) 

0.701 

0.004  (-0.005,  0.012) 

0.380 

Grilled  chicken  without  skin 

0.006  (-0.007,0.019) 

0.377 

-0.002  (-0.010,  0.006) 

0.659 

Grilled  fish 

-0.007  (-0.021,  0.008) 

0.378 

-0.005  (-0.014,  0.004) 

0.276 

* 

/?  estimate  represents  increment  of  adduct  level  increase  associated  with  consumption  of  meat  item. 
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Abstract 

Polycyclic  aromatic  hydrocarbon  (PAH)-DNA  adducts  may  induce  mutations  that  contribute  to 
carcinogenesis.  We  evaluated  potential  associations  between  smoking  and  polymorphisms  in  PAH 
metabolism  [CYP1A1  lle462Val,  CYP1B1  Ala1 19Ser  and  Leu432Val,  microsomal  epoxide  hydrolase 
(mEH)  Tyr113His  and  His139Arg,  CYP3A4  A(-392)G]  and  conjugation  [glutathione  5-transferase 
(GST)  Ml  null  deletion,  GSTP1  lie 105 Val]  genes  and  PAH-DNA  adduct  levels  (measured  by 
immunohistochemistry)  in  tumor  and  nontumor  prostate  cells  in  400  prostate  cancer  cases.  Although 
no  statistically  significant  associations  were  observed  in  the  total  sample,  stratification  by  ethnicity 
revealed  that  Caucasian  ever  smokers  compared  with  nonsmokers  had  higher  adduct  levels  in  tumor 
cells  (mean  staining  intensity  in  absorbance  units  ±  SE,  0.1748  ±  0.0052  versus  0.1507  ±  0.0070; 

P  =  0.006),  and  Caucasians  carrying  two  mEH  1  j9Arg  compared  with  two  139His  alleles  had  lower 
adducts  in  tumor  (0.1320  ±  0.0129  versus  0.1714  ±  0.0059;  P  =  0.006)  and  nontumor  (0.1856  ± 

0.0184  versus  0.2291  ±  0.0085;  P  =  0.03)  cells.  African  Americans  with  two  CYP1B1  432Val 
compared  with  two  432lle  alleles  had  lower  adducts  in  tumor  cells  (0.1600  ±  0.0060  versus  0.1970 
±  0.0153;  P  =  0.03).  After  adjusting  for  smoking  status,  carrying  the  putative  “high-risk”  genotype 
combination,  the  faster  metabolism  of  PAH-epoxides  to  PAH-diol-epoxides  (CYP1B1  432Val/Val 
and  mEH  I39Arg/Arg)  with  lower  PAH-diol-epoxide  conjugation  (GSTP1  105Ile/Ile),  was  associated 
with  increased  adducts  only  in  Caucasian  nontumor  cells  (0.2363  ±  0.0132  versus  0.1920  ±  0.0157; 

P  =  0.05).  We  present  evidence,  for  the  first  time  in  human  prostate  that  the  association  between 
smoking  and  PAH-DNA  adducts  differs  by  race  and  is  modified  by  common  genetic  variants. 
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Introduction 

Although  prostate  cancer  is  the  most  commonly  diagnosed  nonskin  cancer  and  the  third  leading 
cause  of  cancer  death  among  men  in  the  United  States  (1),  increasing  age,  ethnicity,  and  family 
history  are  the  only  established  risk  factors  for  this  disease  (2,3).  African  Americans,  in 
particular,  present  at  an  earlier  age  and  with  more  advanced  disease  and  have  higher  mortality 
rates  compared  with  Caucasians  (4).  Having  a  strong  family  history  suggests  the  presence  of 
a  highly  penetrant  gene,  but,  to  date,  no  single  gene  which  can  account  for  the  majority  of 
prostate  cancers  has  been  identified.  Thus,  the  pathogenesis  of  prostate  cancer  likely  involves 
a  complex  interplay  between  multiple  low  penetrant  genetic  and  environmental  factors. 

Polycyclic  aromatic  hydrocarbon  (PAH)  exposure  from  cigarette  smoke  (5-7),  grilled  meats 
(8),  and  various  petroleum-related  occupations  (9-11)  may  play  a  role  in  prostate  cancer. 
Although  associations  between  smoking  and  these  other  PAH  sources  and  prostate  cancer  have 
been  equivocal,  PAH  require  metabolic  activation  and  subsequent  binding  to  DNA  (forming 
bulky  “PAH-DNA  adducts”)  to  exert  their  carcinogenic  action  (12).  Therefore,  functional 
polymorphisms  in  genes  that  metabolize  PAHs  and  detoxify  their  reactive  derivatives  should 
be  considered  when  evaluating  potential  effects  of  PAH  exposure  sources.  Furthermore,  many 
prior  studies  have  relied  upon  self-reported  measures  from  a  single  source;  however,  PAH- 
DNA  adducts  serve  as  a  biological  marker  of  the  effective  PAH  dose  from  all  sources, 
particularly  when  quantified  in  the  target  tissue.  We  previously  observed  that  PAH-DNA 
adducts  are  present  in  human  prostate  cancer  cells  and  vary  with  tumor  characteristics  (13). 

In  terms  of  PAH  metabolism,  parent  compounds,  such  as  benzo(fl)pyrene,  are  initially 
metabolized  by  CYP1A1  orCYPIBl  (14,15)  to  an  epoxide  [benzo(a)pyrene-7, 8-epoxide]  and 
subsequently  hydrolyzed  by  microsomal  epoxide  hydrolase  (mEH)  to  a  dihydrodiol  [benzo 
(fl)pyrene-7,8-dihydrodiolj.  CYP1A1,  CYP1B1,  or  CYP3A4  (16)  can  then  transform  the 
dihydrodiol  to  a  highly  reactive  diol-epoxide  [benzo(a)pyrene-7,8-dihydrodiol-9, 10-epoxide, 
BPDE]  that  can  covalently  bind  to  DNA,  creating  a  PAH  [BPDEJ-DNA  adduct  which  may,  in 
turn,  induce  mutation(s),  predominantly  in  the  form  of  G  to  T  transversions  (17).  Although 
mEH  (18)  and  C YP 1 B 1  ( 1 9)  are  expressed  in  the  prostate,  C YP 1 A 1  may  only  be  induced  under 
androgen  dependency  (20)  and  CYP3A4  may  require  vitamin  D  receptor  mediation  (21). 
Interestingly,  CYP1B1  is  highly  expressed  in  the  peripheral  zone  where  most  prostate  cancers 
arise  (22).  The  CYP 1 A 1  lie462 Val  and  CYP3 A4  A(-3  92)G  polymorphisms  have  variant  alleles 
with  higher  enzymatic  activity  compared  with  their  respective  wild-type  alleles  (23,24),  and 
the  activity  of  the  CYP1B1  Ala1 19Ser  and  Leu432Val  variants  is  substrate  dependent 
with  422 VaE1 19Ala,  having  slightly  higher  activity  in  metabolizing  benzo(a)pyrene-7,8- 
dihydrodiols  but  slightly  lower  activity  in  metabolizing  parent  benzo(fl)pyrene 
than  432Leu/1  l9Ala  (15).  Effects  of  the  mEH  Try1 13His  and  mEH  His139Arg  polymorphisms 
remain  unclear;  an  earlier  study  reported  that  1 13Tyr/139Arg  had  the  most  activity  in 
hydrolyzing  benzo(fl)pyrene-epoxides  to  benzo(«)-pyrene-dihydrodiols  (25),  but  recent  work 
shows  the  1 13Tyr/139His  combination  may  be  the  most  active  (26).  The  CYP1A1  lle462Val, 
CYP1B1  Leu432Val,  CYP3A4  A(-392)G  polymorphisms  have  been  equivocally  associated 
with  prostate  cancer  (27-3 1),  which  may  be  attributed,  in  part,  to  heterogeneity  in  PAH 
exposure.  In  prostate  cancer,  only  one  (null)  finding  has  been  reported  for  the  mEH  His139Arg 
polymorphism  (32)  and  no  studies  have  examined  the  mEH  Tyr1 13His  polymorphism. 

Before  a  PAH -diol-epoxide  metabolite  can  adduct  DNA,  it  may  be  detoxified  by  enzymes  in 
the  glutathione  5-transferase  (GST)  family.  In  particular,  GSTM1  and  GSTP1  exhibit  substrate 
specificity  for  PAH-diol-epoxides  (33)  and  are  expressed  in  the  prostate  (34-36).  Although 
GSTT1  is  highly  expressed  in  the  prostate  (37),  it  does  not  seem  to  be  involved  in  PAH 
metabolite  conjugation  (38).  GSTP1  has  two  polymorphisms:  lle105Val  and  Alai  14Val 
(He  105 Val  is  located  near  the  hydrophobic  binding  site  and  has  more  influence  on  activity;  ref. 
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39).  The  effect  of  the  GSTP1  Ile105Val  polymorphism  is  substrate  dependent  with  the  105Val 
allele  having  a  higher  affinity  for  conjugating  the  most  reactive  PAH-diol-epoxides  (40,41). 
GSTM1  has  a  polymorphism  that  leads  to  complete  loss  of  protein  (GSTM1  null  deletion),  and 
this  polymorphism,  as  well  as  GSTP1  lle105Val,  has  been  associated  with  increased  prostate 
cancer  risk  in  some  studies  (42-44)  but  decreased  risk  in  others  (45-47),  which  may  also  be 
due,  in  part,  to  heterogeneity  in  PAH  exposure. 

Although  associations  between  a  few  of  the  aforementioned  polymorphisms  in  metabolism 
and  conjugation  genes  and  PAH-DNA  adduct  levels  have  been  examined  in  human  lung  (48) 
and  breast  (49,50)  cancer  tissues  and  differences  in  PAH-DNA  adduct  levels  by  race  in 
mononuclear  cells  have  been  reported  (51),  no  prior  studies  have  evaluated  effects  of  these 
polymorphisms  on  adduct  levels  in  human  prostate  cancer  tissues.  Therefore,  in  this  study,  we 
extend  our  earlier  work  (13)  by  evaluating  the  potential  association  between  smoking  and 
polymorphisms  in  genes  that  metabolize  PAHs  (CYP1A1  lle462Val,  CYP1B1  Ala119Ser  and 
Leu432Val,  mEH  Tyr1 I3His  and  His139Arg,  CYP3A4  A(-392)G)  and  detoxify  their  reactive 
derivatives  (GSTM1  null  deletion,  GSTP1  lle105Val)  and  PAH-DNA  adduct  levels  in  tumor 
and  adjacent  nontumor  prostate  cells  in  400  men  with  prostate  cancer. 

Materials  and  Methods 

Study  Population 

The  study  design  and  population  have  been  described  elsewhere  (13).  Briefly,  the  study 
population  was  composed  of  men  from  a  larger  case  (n  =  637)  and  control  (n  =  244)  study  who 
were  diagnosed  with  prostate  cancer  and  underwent  radical  prostatectomy  (n  =  395;  62.0%) 
or  transure-thral  resection  ( n  =  5;  0.7%)  for  treatment  within  the  Henry  Ford  Health  System, 
a  network  of  facilities  comprising  an  800-bed  hospital  in  the  City  of  Detroit,  Michigan,  three 
smaller  hospitals  in  surrounding  suburbs,  and  31  medical  clinics  located  throughout  the 
Metropolitan  Detroit  area.  Potential  cases  that  indicated  primary  adenocarcinoma  of  the 
prostate  were  identified  through  the  Henry  Ford  Health  System  pathology  reports.  Two  of  the 
395  cases  used  in  this  study  were  initially  enrolled  as  controls.  Cases  were  eligible  for  the  larger 
case-control  study  if  they  used  the  Henry  Ford  Health  System  as  their  primary  source  of  health 
care,  lived  in  the  study  area  at  time  of  recruitment  (2001-2004),  and  had  no  previous  history 
of  prostate  cancer. 

Subjects  who  agreed  to  participate  were  also  asked  to  complete  a  two-part  interviewer- 
administered  risk  factor  questionnaire  (the  first  part  was  conducted  over  the  phone;  the  second 
part  was  done  in  person)  and  donate  a  blood  sample.  All  study  protocols  were  approved  by  the 
Henry  Ford  Hospital  Institutional  Review  Board.  Clinical  characteristics  were  obtained  from 
medical  records,  and  demographic,  general  health,  and  habit  information  (age,  ethnicity, 
smoking)  were  determined  from  the  questionnaire.  Alcohol  was  estimated  from  a  standardized 
food  frequency  questionnaire  originally  developed  for  two  studies  investigating  the 
associations  of  dietary  supplements  and  cancer  risk:  Vitamin  and  Lifestyle  Cohort  Study  (52) 
and  Selenium  and  Vitamin  E  Cancer  Prevention  Trial  (53). 


Genotyping 

Standard  venipuncture  was  used  to  collect  blood  samples  from  all  study  participants  in  tubes 
with  EDTA  as  an  anticoagulant.  Genomic  DNA  was  extracted  from  huffy  coats  using  QIAmp 
DNA  Blood  kit  (Qiagen  Inc.,  Valencia,  CA).  All  purified  DNA  samples  were  diluted  to  a 
constant  DNA  concentration  in  10  mmol/L  Tris,  1  mmol/L  EDTA  buffer  (pH  8). 

mEH  Hisl  j9Arg  (rs2234922)  and  CYP1B1  Leu432Val  (rsl056836)  were  assayed  by  RFLP 
using  primer  and  assay  conditions  that  have  been  previously  described  (26,54).  Digestion 
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products  were  separated  on  a  2%  agarose  gel.  CYP1A1  lle462Val  (rsl048943),  CYP1B1 
Ala119Ser  (rsl056827)  and  mEPHx  (mEH)  Tyr113His  (rsl051740)  polymorphisms  were 
assayed  using  the  GenomeLab  SNP-Primer  Extension  assay  (Beckman  Coulter,  Fullerton,  CA) 
and  analyzed  on  a  CEQ  8000  Genetic  Analysis  System  (Beckman  Coulter).  PCR  was  done 
using  the  primers  (lnvitrogen,  Carlsbad,  CA)  5'-GAACTGCCACTTCAGCTG-3'  (forward) 
and  5 '-CTGGCTGCCCAACCAGA-3 '  (reverse)  for  CYP1A1,  5'- 

GTGCTGGCCACTGTGCATGT-3'  (forward)  and  5 AC ACGGCACT CAT GACGTT G-3 ' 
(reverse)  for  CYP1B1,  and  5 '-GATCGAT AAGTT CCGTTT CACC-3 '  (forward)  and  5'- 
TCATT GGACTGGAT GGTGCATT-3 '  (reverse)  for  mEH.  PCR  was  done  in  a  20-pL  reaction 
with  40  ng  DNA,  20  pmol  of  forward  and  reverse  primers,  1.5  mmol/L  VtgC  h.  0.25  mmol/L 
deoxynucleotide  triphosphate,  and  1.5  units  AmpliTaq  Gold  DNA  polymerase  (Applied 
Biosystems,  Foster  City,  CA).  For  CYP1B1  amplification,  2  pL  DMSO  was  added  to  each 
reaction.  PCR  conditions  were  10  min  at  95°C,  followed  by  30  cycles  of  95°C  for  30  s,  61°C 
(CYP1A1)  or  60°C  (CYP1B1119  and  mEH113)  for  35  s,  and  72°C  for  1  min,  followed  by  a  6- 
min  extension  at  72°C.  PCR  reactions  (6  pL)  were  cleaned  with  2  units  of  shrimp  alkaline 
phosphatase  (Promega,  Madison,  WI)  and  1  unit  of  Exonuclease  I  (New  England  Biolabs, 
Ipswich,  MA)  for  2  h  at  37°C,  followed  by  heat  inactivation  at  75°C  for  30  min.  The  SNP 
primer  extension  assay  was  done  using  the  GenomeLab  SNP-Primer  Extension  kit  (Beckman 
Coulter)  according  to  manufacturer’s  instructions.  SNP  interrogation  primers  used  were  5'- 
ATGGGC A AGCGGA AGT GT AT CGGT G AGACC-3 '  (forward)  and  5'- 
AAAGACCTCCCAGCGGGCAA-3 '  (reverse)  for  CYP1A1  Ile462Val,  5'- 
AAAAAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCG-3 '  (forward) 
and  5 AAAAAAAA AAGACACCACACGGAAGGAGGCGAAGG-3 '  (reverse)  for 
CYP1B1  Ala119Ser,  and  5'-AAAAAAGGTGGAGATTCTCAACAGA-3 '  (forward)  and  5'- 
A AAAAAAAAAT C AATCTT AGT CTT G AAGT GAGGGT -3 '  (reverse)  for  mEH  Tyr113His. 

The  GSTP1  lle105Val  (rs947894)  polymorphism  was  detected  using  the  Invader  assay  with 
reagents  developed  by  Third  Wave  Technologies,  Inc.  (Madison,  WI)  (55).  Each  plate 
contained  the  following  controls  for  the  GSTP 1  codon  105 :  (a)  Ile/Ile  homozygous,  ( b )  lle/V al 
heterozygous,  (c)  Val/Val  homozygous,  and  (d)  a  no-target  blank.  The  GSTM1  polymorphism, 
which  results  in  the  presence  (nondeleted)  or  absence  (null  deletion)  of  the  enzyme,  was 
detected  by  a  PCR  product  coamplified  with  P-globin  as  a  positive  internal  control  within  a 
multiplex  PCR  as  previously  described  (42). 

To  ensure  quality  control  of  all  genotyping  results,  5%  of  the  samples  were  randomly  selected 
and  genotyped  by  a  second  investigator  and  1%  of  the  samples  were  sequenced  using  a  377 
ABI  automated  sequencer. 

PAH-DNA  Adduct  Scoring 

H&E  stained  slides  of  study  cases  were  reviewed  by  the  study  pathologist  (Adnan  T.  Savera) 
to  confirm  the  diagnosis  and  to  identify  a  paraffin  block  with  sufficient  prostate  tumor  and 
nontumor  prostate  tissue  from  the  radical  prostatectomy  for  staining.  For  each  patient  sample, 
we  used  a  microtome  to  cut  five  consecutive  sections  (5-|a.mol/L  thick)  from  the  tissue  block. 
One  slide  was  H&E  stained  and  examined  by  the  study  pathologist  who  circled  separate  areas 
of  prostate  tumor  and  nontumor  prostate  cell  populations  to  be  used  for  subsequent  PAH-DNA 
adduct  scoring.  The  immunohistochemical  assay  for  PAH-DNA  adducts  was  carried  out  as 
described  previously  (13,49,56).  This  chemical  assay  uses  the  monoclonal  5D1 1  antibody, 
which  in  cell  culture  studies  has  been  shown  to  produce  strongly  correlated  staining  levels  (r 
=  0.99;  P  =  0.0 11)  with  the  treatment  dose  ofbenzo(a)pyrene  diol  epoxide  (57,58).  Consistent 
with  our  previous  (13)  and  other  prior  studies  (49,59)  using  immunohistochemical  assays  to 
measure  PAH-DNA  adducts,  we  report  our  results  in  absorbance  units  which  provides  a 
measure  of  the  relative  intensity  of  staining. 
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For  each  prostate  specimen,  two  technicians  independently  scored  50  epithelial  cells  (five  fields 
with  10  cells  per  field  scored)  in  the  two  areas  (tumor  and  nontumor)  circumscribed  by  the 
study  pathologist.  Scored  cells  were  selected  to  be  representative,  in  terms  of  intensity,  of  the 
cells  in  the  field,  and  the  mean  of  the  two  technicians’  scores  was  used.  The  dual  scoring 
technique  has  proved  to  yield  a  high  test-retest  reliability  in  prostate  cells  (13).  PAH-DNA 
adduct  data  were  standardized  across  experiments  using  a  series  of  two  prostate  “control”  slides 
(taken  from  two  separate  prostate  specimens  provided  by  men  with  prostate  cancer  who 
underwent  radical  prostatectomy  but  were  not  part  of  the  study  population)  that  were  run  across 
all  batches. 

Statistical  Analysis 

We  tested  the  distribution  of  PAH-DNA  adduct  levels  in  prostatic  epithelial  tumor  and  adjacent 
nontumor  cells  for  normality  using  the  Shapiro-Wilk  test  statistic.  Paired  t  tests  were  used  to 
determine  if  PAH-DNA  adduct  levels  between  tumor  and  nontumor  cells  deviated  significantly 
from  zero.  Correlations  between  explanatory  variables  and  PAH-DNA  adduct  levels  in  tumor 
and  nontumor  cells  were  calculated  using  the  parametric  Pearson  or  nonparametric  Spearman 
statistic  if  the  variable  deviated  from  normality.  We  calculated  genotype  frequencies  and  tested 
for  Hardy  Weinberg  equilibrium  within  controls  (prostate  cancer-free  men)  in  the  larger  study 
within  major  ethnic  groups.  We  also  calculated  linkage  disequilibrium  between  CYP1B1 
Ala1 19Ser  and  Leu432Val  and  mEH  Tyr1 13His  and  His139Arg  alleles  using  epoxide  hydrolase 
(60).  We  then  used  generalized  linear  regression  models  to  estimate  the  association  between 
genotypes  and  PAH-DNA  adduct  levels  in  prostate  tumor  cells  and  adjacent  nontumor  cells  in 
the  total  study  population  and  in  Caucasians  and  African  Americans,  separately.  Potential 
confounding  by  other  factors  including  smoking,  alcohol,  and  tumor  characteristics  [primary 
and  total  Gleason  score,  tumor  volume,  grade,  prostate  specific  antigen  (PSA)  at  diagnosis] 
was  also  evaluated.  Models  examining  interactions  included  main  effect  terms  (ethnicity; 
smoking;  polymorphism  under  a  dominant,  recessive,  or  additive  genetic  model)  and  a 
multiplicative  interaction  term  (e.g.,  ethnicity  x  genotype).  All  P  values  are  from  two-sided 
tests.  All  analyses  were  undertaken  with  SAS  (version  8.2,  SAS  Institute  Inc.,  Cary,  NC). 


Results 


Characteristics  of  the  study  population  are  provided  in  Table  1.  Approximately,  52.5%  of  the 
prostate  cancer  cases  were  Caucasian  patients  and  44.3%  were  African  American  patients.  The 
mean  age  at  diagnosis  was  60.2  years  with  African  American  men  diagnosed  at  a  slightly 
younger  age  than  Caucasian  men.  Approximately,  45.7%  of  the  cases  had  a  total  Gleason  score 
of  7  and  1 9.4%  had  a  total  Gleason  score  of  >7.  Although  African  Americans  tended  to  present 
with  a  higher  Gleason  score  and  have  greater  tumor  volume  than  Caucasians,  these  differences 
were  not  statistically  significant.  Similar  to  our  earlier  work  that  used  130  (13)  of  the  400 
specimens  in  the  present  study,  the  distributions  of  PAH-DNA  adduct  levels  in  paired  tumor 
and  adjacent  nontumor  prostate  specimens  fell  into  two  separate  highly  symmetrical  normal 
distributions.  Also  consistent  with  our  previous  report  (13),  we  observed  a  strong  correlation 
between  adduct  levels  in  prostate  tumor  and  nontumor  prostate  cells  (r  =  0.51;  P  <  0.001)  and 
significantly  higher  levels  of  PAH-DNA  adducts  in  nontumor  cells  compared  with  tumor  cells 
(mean  absorbance  units  ±  SD,  0.23  ±  0.09  versus  0.16  ±  0.06;  P  <  0.001).  No  statistically 
significant  differences  in  adduct  levels  between  Caucasians  and  African  Americans  were 
observed  in  tumor  or  nontumor  prostate  cells.  Among  controls,  genotype  frequencies  did  not 
deviate  significantly  from  Hardy- Weinberg  equilibrium  within  major  ethnic  groups 
[Caucasians,  P  =  0.33  (GSTP1  lle105Val)  to  P  =  0.80  (mEH  Hislj9Arg);  African  Americans, 
P  =  0.12  (GSTP1  Ile105Val)  to  P  =  0.71  (CYP3A4  A(-392)G)].  We  also  examined  linkage 
disequilibrium  between  alleles  in  the  CYP1B 1  Ala1 19Ser  and  Leu432Val  (Caucasians,  D’  < 
0.37;  African  Americans,  D’  <  0.24)  and  the  mEH  Tyr1 13His  and  His139Arg  (Caucasians,  D’ 
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<  0.24;  African  Americans,  D’  <  0.56)  polymorphisms.  Significant  differences  in  genotype 
(and  allele)  frequencies  between  Caucasian  and  African  American  cases  in  this  study  were 
observed  for  several  polymorphisms  (Table  1). 

Neither  ever  or  current  smoking  nor  any  of  the  PAH  metabolism  or  conjugation 
polymorphisms,  when  examined  individually,  were  statistically  significantly  associated  with 
PAH-DNA  adduct  levels  in  the  total  sample  (Table  2).  However,  stratifying  by  race  revealed 
that  Caucasian  ever  smokers  (Table  3)  had  significantly  higher  adducts  than  nonsmokers  in 
tumor  cells  (0.1748  ±  0.0052  versus  0.1507  ±  0.0070;  P  =  0.006).  Moreover,  Caucasians 
carrying  two  copies  of  the  mEH  139Arg  allele  had  decreased  PAH-DNA  adduct  levels  in  tumor 
(0.1320  ±  0.0129  versus  0.1714  ±  0.0059;  P  =  0.006)  and  nontumor  (0.1856  ±  0.0184  versus 
0.2291  ±  0.0085;  P  =  0.03)  cells.  Having  the  A-G  genotype  compared  with  the  A-A  genotype 
of  the  CYP3  A4(-392)  promoter  was  also  positively  associated  with  adduct  levels  in  Caucasian 
tumor  (0.1970  ±  0.0148  versus  0.1648  ±  0.0044;  P  =  0.04)  but  not  Caucasian  nontumor  cells. 
In  African  Americans,  carrying  one  or  two  CYP1B1  432Val  compared  with  two  432Leu  alleles 
significantly  increased  adduct  levels  in  tumor  cells  (0.1970  ±  0.0153  versus  0.1621  ±  0.0076; 
P  =  0.04  or  0.1600  ±  0.0060;  P  =  0.03).  Carrying  one  copy  of  the  GSTP1  105Val  allele 
significantly  decreased  PAH-DNA  adduct  levels  in  Caucasian  nontumor  cells  (0.2059  ±  0.0090 
versus  0.2362  ±  0.0092;  P  =  0.02)  and  marginally  increased  adduct  levels  in  African  American 
nontumor  cells  (0.2461  ±  0.0088  versus  0.2176  ±  0.0124;  P  =  0.06). 

We  also  tested  for  joint  effects  between  ethnicity,  smoking,  and  genotypes  by  including  an 
ethnicity  x  smoking  (or  genotype)  interaction  term  in  the  model  (Table  3).  Using  Caucasians 
as  the  reference  group  and  African  Americans  as  the  risk  group,  we  observed  significant 
interactions  between  ethnicity  and  ever  smoking  [P  value  for  interaction  term  (Ant)  =  0.02] 
and  between  ethnicity  and  the  mEH  His 139  Arg  (Arg/Arg  versus  His/His  or  His/Arg;  /Jmt  = 
0.02)  polymorphisms  in  tumor  cells.  In  nontumor  cells,  we  found  significant  interactions 
between  ethnicity  and  the  mEH  His1  l9Arg  (Arg/Arg  versus  His/His  or  His/Arg;  Pmt  =  0.05) 
and  GSTP1  Ile105Val  (Ile/Val  or  Val/Val  versus  lle/Ile;  P\ni  =  0.004)  polymorphisms. 

We  next  examined  joint  PAH  metabolism  and  conjugation  genotype  combinations  on  adduct 
levels  based  upon  the  function  of  the  polymorphic  alleles  in  key  steps  of  the  PAH  metabolic 
pathway  (Table  4).  For  example,  carrying  the  mEH  1 13  Tyr/Tyr  and  mEH  139His/His  or  His/ 
Arg  genotype  combination,  which  may  have  increased  PAH-epoxide  to  PAH-dihydrodiol 
hydrolysis  compared  with  the  mEH  1 13Tyr/His  or  His/His  and  mEH  139Arg/Arg  genotype 
combination  (26),  increased  adducts  in  Caucasian  tumor  (0. 1692  ±  0.0050  versus  0. 1252  ± 
0.0220;  P  =  0.05)  and  nontumor  (0.2349  ±  0.0082  versus  0. 1603  ±  0.03 17;  P  =  0.02)  cells  (data 
not  shown).  When  pairing  the  higher  metabolizing  mEH  1 13Tyr/Tyr  and  mEH  His/His  or  His/ 
Arg  genotypes  with  the  lower  conjugating  GSTP1  105lle/Ile  genotype  compared  with  the 
mEH  113  Tyr/His  or  His/His  and  mEH  139  Arg/Arg  and  GSTP1  105Ile/Val  or  Val/Val  genotype 
combination,  we  observed  a  significant  increase  in  adduct  levels  in  the  nontumor  cells  of  all 
study  subjects  (0.2472  ±  0.0130  versus  0.1537  ±  0.0331;  P=  0.01),  but  when  we  stratified  by 
race,  this  association  only  remained  significant  in  Caucasian  nontumor  cells  (0.2625  ±  0.0157 
versus  0.1433  ±  0.0351;  P  =  0.01;  data  not  shown).  Similar  effects  were  seen  when  combining 
the  mEH  His139Arg  and  GSTP1  lle105Val  polymorphisms  (Table  4).  Finally,  carrying  the 
“high-risk”  genotype  combination,  the  faster  metabolism  of  PAH-diols  to  the  most  reactive 
PAH-diol-epoxide  forms  (CYP1B1  432 Val/Val  and  mEH  139His/His  or  His/Arg)  with  lower 
capacity  to  conjugate  these  PAH-diol-epoxides  (GSTP1  105lle/Ile),  was  associated  with 
significantly  increased  adduct  levels  in  the  nontumor  cells  of  Caucasians  (0.2363  ±  0.0132 
versus  0.1920  ±  0.0157;  P  =  0.05),  but  decreased  adduct  levels  in  non-tumor  cells  of  African 
Americans  (0.2121  ±  0.0175  versus  0.3060  ±  0.0408;  P  =  0.05).  Cell  sizes,  however,  continued 
to  diminish  with  increasing  genotype  combination  complexity  and  models  with  four  or  more 
polymorphisms  were  not  estimable. 
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We  also  examined  the  potential  joint  effects  of  ever  (Table  5)  and  current  smoking  and  PAH 
metabolism  and  conjugation  genes  on  PAH-DNA  adduct  levels.  Increased  adducts  were 
observed  in  tumor  cells  of  Caucasian  ever  smokers  carrying  the  potentially  faster  PAH-epoxide 
metabolizing  mEH  1  j9His/His  or  His/Arg  genotype  compared  with  nonsmokers  with  the 
mEH  139Arg/Arg  genotype  (0.1 798  ±0.0056  versus  0. 1358  ±0. 0182;  P=  0.02),  and  Caucasian 
ever  smokers  carrying  the  lower  PAH-diol-epoxide  conjugating  GSTP1  105Ile/Ile  genotype 
had  higher  adducts  compared  with  nonsmokers  with  the  GSTP 1  1 03 1 1  e/V al  or  Val/Val  genotype 
(0.1783  ±0.0071  versus  0.1 53  8  ±  0.0088;  P=  0.03).  The  mEH  139His/Arg  or  His/His  genotype 
association  became  more  pronounced  in  Caucasian  current  smokers’  tumor  (0.1937  ±  0.0147 
versus  0.1342  ±  0.0132;  P  =  0.003)  and  nontumor  cells  (0.2567  ±  0.0207  versus  0.1890  ± 
0.0187;  P  =  0.02;  data  not  shown)  as  did  the  effects  of  the  GSTP1  105Ile/Ile  genotype  (0.2667 
±  0.0248  versus  0.2099  ±  0.0082;  P  =  0.003).  In  African  Americans,  nonsmokers  who  carried 
the  potentially  lower  conjugating  GSTP1  105Ile/Ile  genotype  compared  with  non-smokers  with 
GSTP1  Ile/V al  or  Val/Val  genotype  had  lower  adducts  in  nontumor  cells  (0.1960  ±  0.0210 
versus  0.2497  ±  0.0121;  P  =  0.03).  Similar  effects  for  GSTP1  105Ile/Ile  (0.2137±0.0132  versus 
0.2430±0.0082;  P=0.06)  were  observed  in  African  Americans  when  examining  current 
smoking  (data  not  shown). 

Although  cell  sizes  became  even  smaller  when  examining  the  joint  effects  of  smoking  and 
combinations  of  polymorphisms,  several  notable  associations  were  observed  (Table  5).  Ever 
smokers  with  the  faster  PAH-epoxide  metabolizing  mEH  113Tyr/Tyr  and  mEH  139His/His  or 
His/Arg  genotype  combination  had  higher  adducts  in  tumor  (0. 1697  ±  0.0046  versus  0. 1295  ± 
0.0161;  P  =  0.02)  and  nontumor  (0.2377  ±  0.0065  versus  0.1725  ±  0.0232;  P  =  0.008)  cells, 
but  when  we  stratified  by  race,  this  effect  only  remained  significant  in  Caucasian  tumor  (0. 1740 
±  0.0070  versus  0. 1 349  ±  0.0 1 82;  P  =  0.05)  and  nontumor  cells  (0.23 1 8  ±  0.0098  versus  0.1703 
±  0.0255;  P  =  0.03;  data  not  shown).  Caucasian  ever  smokers  with  the  faster  metabolizing 
mEH  139His/His  or  His/Arg  and  lower  conjugating  GSTP1  lle/Ile  genotype  compared  with 
nonsmokers  with  the  mEH  139Arg/Arg  and  GSTP1  lle/Val  or  Val/Val  genotype  had  higher 
adduct  levels  in  nontumor  cells  (Table  5),  but  this  effect  was  only  statistically  significant  in 
current  smokers  (0.2667  ±  0.0257  versus  0.1796  ±  0.0230;  P  =  0.01;  data  not  shown).  In 
Caucasians,  after  adjusting  for  smoking  status  carrying  the  putative  high-risk  genotype,  the 
faster  metabolism  of  PAH-epoxides  to  PAH-diol-epoxides  (CYP1B1  432Val/Val  and 
mEH  139His/His  or  His/Arg)  with  lower  PAH-diol-epoxide  conjugation  (GSTP1  105Ile/Ile), 
was  associated  with  marginally  increased  adducts  in  nontumor  cells  compared  with  carriers  of 
the  CYP1B1  Leu/Leu  or  Leu/Val,  mEH  139Arg/Arg  and  GSTP1  lle/Val  or  Val/Val  genotype 
(0.2363  ±  0.0132  versus  0.1920  ±  0.0157;  P  =  0.05;  data  not  shown). 

Discussion 

When  stratifying  by  major  ethnic  group,  we  observed  significant  associations  between 
smoking,  polymorphisms  in  PAH  metabolism  [CYP1B1  Leu432Val,  CYP3A4  A(-392)G  and 
mEH  His139Arg]  and  conjugation  (GSTP1  lle105Val)  genes  and  PAH-DNA  adducts  in  tumor 
and  adjacent  nontumor  prostate  cells.  Specifically,  Caucasians  who  reported  ever  smoking  had 
significantly  increased  PAH-DNA  adduct  levels  compared  with  nonsmokers,  but  this  effect 
was  not  observed  in  African  Americans.  The  mEH  139Arg/Arg  genotype,  which  may 
potentially  metabolize  PAH-epoxides  to  PAH-dihydrodiols,  more  slowly  (26)  decreased 
adduct  levels  in  both  prostate  tumor  and  nontumor  prostate  cells  of  Caucasians,  but  this  effect 
was  not  found  in  African  Americans.  In  addition,  having  one  or  two  copies  of  the 
GSTP1  105  Val  allele,  which  may  more  effectively  conjugate  the  most  reactive  PAH-diol 
epoxides  (40,4 1 ),  was  inversely  associated  with  adduct  levels  in  the  tumor  cells  of  C aucasians. 
Finally,  carrying  the  putative  high-risk  genotype  combination,  the  faster  metabolism  of  PAH- 
dihydrodiols  to  their  most  reactive  PAH-diol-epoxide  forms  (CYP1B1  432Leu/Leu  or  Leu/Val 
and  mEH  139His/His  or  His/Arg)  with  lower  capacity  to  conjugate  these  PAH-diol-epoxides 
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(GSTPl  105  Ile/Ile),  was  associated  with  increased  adduct  levels  in  nontumor  cells  of 
Caucasians,  but  was  associated  with  decreased  adduct  levels  in  non-tumor  cells  of  African 
Americans. 

Our  results  are  generally  biologically  plausible,  given  the  expected  activity  of  the  alleles  in 
key  steps  of  the  PAH  metabolic  pathway;  however,  functional  studies  are  not  entirely  consistent 
and  have  focused  on  variation  in  one  enzyme  at  a  time,  making  it  difficult  to  anticipate  how 
variation  in  multiple  enzymes  affects  PAH-DNA  adduct  levels.  An  initial  in  vitro  study 
reported  that  the  mEH  113Tyr/139Arg  combination  exhibits  the  highest  protein  expression 
(25);  however,  a  recent  study  concluded  the  rate  of  hydrolysis  by  mEH  1 13Tyr/139His  was  ~2- 
fold  greater  than  that  measured  in  the  other  allelic  combinations  (26).  In  our  observational 
study,  we  found  that  prostate  cancer  cases,  particularly  Caucasians,  who  smoke  and  carry  two 
copies  of  the  mEH  1 13Tyr  and/or  one  or  more  I39His  alleles  have  significantly  higher  PAH- 
DNA  adducts  in  their  tumor  and  nontumor  cells,  which  is  consistent  with  the  most  recent 
functional  study.  Although  CYP1B1  432Val  (with  119Ala)  has  slightly  higher  activity  in 
metabolizing  benzo(fl)pyrene-7,8-diols  and  other  PAH  metabolites  [e.g.,  dibenzo(a,/)pyrene- 
diols],  it  has  lower  activity  in  metabolizing  parent  benzo(a)pyrene  than  432Leu  (with  1 19Ala), 
and  the  presence  of  the  C  YP 1 B 1  1 1 9Ser  variant  seems  to  enhance  activity  in  several  substrates 
(15).  We  did  not  find  any  statistically  significant  associations  with  CYP1B1  Ala119Ser 
polymorphism  alone  or  in  combination  with  Leu432Val.  Thus,  additional  functional  studies  in 
prostate  cells,  ideally  with  multiple  polymorphic  enzyme  combinations,  are  needed  to  confirm 
our  findings. 

Consistent  with  our  prior  smaller  study  (13),  PAH-DNA  adducts  were  higher  in  adjacent 
nontumor  prostate  cells  compared  with  prostate  tumor  cells,  irregardless  of  ethnicity.  Similar 
effects  have  not  been  observed  in  other  organs.  For  example,  Rundle  et  al.  (49)  reported  that 
tumor  cells  of  breast  cancer  cases  had  slightly  higher  PAH-DNA  adducts  compared  with 
adjacent  nontumor  cells.  As  we  reported  previously  (13),  our  results  suggest  that  adducts 
diminish  as  prostate  cancer  foci  grow  and  become  more  poorly  differentiated,  which  may  be 
due,  in  part,  to  loss  of  estrogen  receptor  expression  in  tumor  cells. 

Differences  between  ethnic  groups  were  not  totally  unexpected,  because  African  Americans, 
compared  with  Caucasians  generally  present  with  prostate  cancer  at  an  earlier  age  and  with 
more  advanced  disease,  have  higher  prostate  cancer  mortality  rates  (4)  and  higher  PAH-DNA 
adduct  levels  in  mononuclear  cells  (51).  Associations  between  genetic  polymorphisms  and 
PAH-DNA  adducts  may  differ  by  race  due  to  differences  in  PAH  exposure.  Although  we  did 
not  find  a  significant  difference  in  smoking  frequency  between  Caucasians  and  African 
Americans,  PAH-DNA  adduct  levels,  which  measure  the  biologically  effective  PAH  dose, 
were  significantly  increased  in  tumor  cells  of  Caucasian,  but  not  African  American,  ever 
smokers.  Further  stratification  by  genotype  after  adjusting  for  smoking  status  revealed  that  a 
putative  high-risk  genotype  combination  (CYP1B1  432Val/Val  and  mEH  139His/His  or  His/ 
Arg  and  GSTPl  lle/Ile)  significantly  increased  adducts  in  Caucasians,  but  not  African 
Americans  who  carried  this  genotype  combination,  suggesting  that  other  PAH -exposure 
sources  (e.g.,  diet  and/or  occupation)  may  contribute  to  adducts  in  the  prostate.  Furthermore, 
why  some  associations  varied  by  cell  type  within  an  ethnic  group  is  not  entirely  clear.  Tumor 
characteristics  may  contribute  to  these  varying  results,  and  in  our  prior  (13)  and  current  work, 
PAH-DNA  adduct  levels  tended  to  be  lower  in  malignant  cells,  but  those  less-differentiated 
measures  of  tumor  differentiation  (primary  and  total  Gleason  score),  tumor  volume,  tumor 
stage,  and  PSA  at  diagnosis  into  the  multivariable  models  did  not  materially  alter  results. 
Alternatively,  differences  in  the  cellular  microenvironment,  such  as  aberrant  methylation,  may 
lead  to  differential  expression  of  these  enzymes,  which  are  within  tumor  and  nontumor  cells 
and  between  Caucasians  and  African  Americans,  potentially  affecting  the  importance  of  a 
polymorphism.  For  example,  silencing  of  GSTPl  through  hypermethylation  has  been  observed 
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in  prostate  cancer  cells  blit  not  normal  cells  (61),  and  GSTP1  hypermethylation  has  been 
observed  to  differ  significantly  between  Caucasians  and  African  Americans  (62).  Interestingly, 
smoking,  which  contains  substantial  quantities  of  carcinogenic  PAHs  (63),  modifies  GSTP1 
methylation  in  prostate  cancer  cells  with  current  smokers  having  a  significantly  higher 
frequency  than  former  or  nonsmokers  (64).  GSTP1  hypermethylation  has  been  shown  to 
modify  2-amino- l-methyl-6-phenylimi-dazo[4,5-Z>]pyridine-DN A  adduct  levels  in  the 
prostate  (65),  although  in  a  recent  study  involving  tumor  and  adjacent  nontumor  cells  from 
hepatic  carcinoma  patients,  no  association  between  GSTP1  hypermethylation  and  PAH-DNA 
adducts  was  found  (66).  Hypomethylation  of  the  CYP  IB  1  promoter  has  been  shown  to  increase 
its  expression  in  prostate  cancer  but  not  normal  cells  (67),  although  reports  on  how  CYP  IB  1 
hypomethylation  affects  PAH-DNA  adduct  levels  are  lacking. 

No  prior  studies  have  examined  the  effects  of  polymorphisms  in  PAH  metabolism  and 
conjugation  genes  and  PAH-DNA  adducts  in  prostate  cancer  cells;  therefore,  we  can  only 
compare  our  results  to  those  from  other  tissues.  Because  immunoassay  methods  are  more 
specific  to  PAH  [BPDE  and  other  similar  structured]-DNA  adducts  whereas  32P-postlabeling 
methods  measure  all  hydrophobic  DNA  adducts  (68)  and  results  differ  considerably  between 
these  two  methods  (69),  we  restrict  our  comparison  to  those  studies  using  immunoassay 
methods  similar  to  the  one  we  used.  In  lung  tumor  tissue,  the  variant  alleles  of  the  CYP1A1 
l*/2*  (includes  CYP1A1  lle462Val)  and  the  GSTM1  null  deletion  polymorphisms  have  been 
positively  associated  with  ( +)anti  -BPDE-DNA  adduct  levels,  and  the  effect  was  more 
pronounced  in  individuals  with  both  polymorphisms  (48).  In  addition,  carrying  the  GSTM1 
null  deletion  has  been  shown  to  be  positively  associated  with  PAH-DNA  adducts  in  tumor  and 
adjacent  nontumor  cells  obtained  from  breast  cancer  cases  (49),  but  this  effect  was  not  found 
in  another  study  (50).  We  did  not  find  an  effect  with  the  GSTM1  null  deletion  polymorphism; 
however,  we  did  observe  significant  individual  and  joint  gene  associations  with  the 
GSTP 1  105  Val  allele  which  maybe  more  efficient  than  GSTM1  in  conjugating  the  most  reactive 
PAH-diol-epoxides  (33). 

Strengths  of  our  study  include  its  large  sample  size  for  this  type  of  molecular  evaluation  and 
nearly  equal  distribution  of  Caucasians  and  African  Americans.  However,  even  larger  samples 
are  needed  for  effectively  evaluating  joint  effects,  particularly  those  involving  two  or  more 
polymorphisms.  Furthermore,  we  have  treated  ethnicity  as  a  dichotomous  variable  when,  in 
fact,  it  is  really  a  continuous  trait  given  the  large  degree  of  racial  admixture  in  the  United  States. 
Incorporating  and  adjusting  for  ancestry  informative  markers  in  the  analyses  would  help 
minimize  any  error  induced  by  dichotomizing  and  help  clarify  interpretation  of  results.  To 
obtain  a  more  complete  understanding  of  the  underlying  mechanisms  of  PAH-induced  DNA 
damage  in  prostate  cells,  future  work  should  include  prostate  specimens  from  “healthy”  men 
without  prostate  cancer  and  should  evaluate  the  influence  of  other  sources  of  PAH  exposure 
and  DNA  methylation  and  repair  mechanisms  on  PAH-DNA  adduct  formation. 

In  summary,  this  is  the  first  report  describing  the  individual  and  joint  associations  between 
smoking  and  polymorphisms  in  PAH  metabolism  and  conjugation  genes  and  PAH-DNA 
adduct  levels  in  tumor  and  nontumor  prostate  cells.  Our  results  suggest  that  the  association 
between  smoking  and  PAH-DNA  adducts  differs  by  race  and  is  modified  by  common  genetic 
variants  lending  further  insight  to  potential  gene-environment  interactions  in  prostate 
carcinogenesis. 
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Table  1 

Prostate  cancer  study  population  characteristics  and  genotype  frequencies  for  polymorphisms  in  PAH  metabolism 
and  conjugation  genes 


Characteristic  or  genotype 

All  subjects  (N  = 

400) 

Caucasians  (/1  = 

210) 

African  Americans 
(/,  =  177) 

* 

P 

Age  (y) 

60.2  (6.7/ 

61.0  (6.4/ 

59.2  (7.0/ 

0.01 

Total  Gleason  score 

<7 

138  (34.9%) 

71  (34.1%) 

64  (36.6%) 

0.76 

7 

181  (45.7%) 

98  (47.1%) 

76  (43.4%) 

— 

>7 

77(19.4%) 

39(18.8%) 

35  (20.0%) 

— 

Tumor  volume^ 

21.1  (16.3/ 

20.2  (15.8/ 

21.5  (16. 7/ 

0.44 

Tumor  stage 

<T2b 

299  (75.5%) 

154  (74.0%) 

138  (78.9%) 

0.27 

>T2c 

97  (24.5%) 

54  (26.0%) 

37(21.1%) 

— 

PSA  at  diagnosis 

7.05  (6.26/ 

7.02  (6.8l/ 

6.98  (4.97/ 

0.94 

Ever  smoker 

252  (63.0%) 

136  (64.7%) 

109(61.6%) 

0.51 

Current  smoker 

43  (10.8%) 

21  (10.0%) 

20(11.3%) 

0.68 

Alcohol  (g) 

11.91  (24.78/ 

13.41  (24.74/ 

10.69  (25.56/ 

0.29 

PAH-DNA  adducts  levels^ 

Prostate  tumor  cells 

0.16(0.06/ 

0.17  (0.06/ 

0.16  (0.06/ 

0.59 

Prostate  nontumor  cells 

0.23  (0.09/ 

0.22  (0.09/ 

0.23  (0.09/ 

0.15 

PAH  metabolism  genes 

CYP1A1  462Ile/Ile 

358  (95.7%) 

183  (94.3%) 

163  (97.0%) 

0.21 

CYP1A1  462Ile/Val 

16  (4.3%) 

11  (5.7%) 

5  (3.0%) 

— 

CYP1A1  462Val/Val 

0 

0 

0 

— 

CYP1B1  119Ala/Ala 

159  (42.7%) 

109  (55.9%) 

44  (26.8%) 

<0.01 

CYP1B1  119Ala/Ser 

158  (42.5%) 

68  (34.8%) 

84(51.2%) 

— 

CYP1B1  I19Ser/Ser 

55  (14.8%) 

18(9.2%) 

36  (22.0%) 

— 

CYP1B1  432Leu/Leu 

87  (21.9%) 

66  (31.7%) 

16(9.1%) 

<0.01 

CYP1B1  432Leu/Val 

164(41.3%) 

98(47.1%) 

61  (34.7%) 

— 

CYP1B1  432Val/Val 

146  (36.8%) 

44  (21.2%) 

99  (56.2%) 

— 

CYP3A4  (-392  )A/ A 

225  (57.7%) 

186(89.9%) 

32(18.8%) 

<0.01 

CYP3A4  (-392)A/G 

94  (24.1%) 

16(7.7%) 

75  (44.1%) 

— 

CYP3A4  (-392)G/G 

71  (18.2%) 

5  (2.4%) 

63  (18.8%) 

— 

mEH  mTyr/Tyr 

194  (55.3%) 

88  (48.9%) 

99  (62.2%) 

0.02 

mEH  113Tyr/His 

136  (38.7%) 

77  (42.8%) 

54  (40.0%) 

— 

mEH  mHis/His 

21  (6.0%) 

15(8.3%) 

6  (3.8%) 

— 

mEH  139His/His 

188  (49.6%) 

106  (53.3%) 

72(43.1%) 

0.11 

mEH  139His/Arg 

150(39.6%) 

71  (35.7%) 

77(46.1%) 

— 

mEH  139Arg/Arg 

41  (10.8%) 

22(11.1%) 

18  (10.8%) 

— 

PAH  conjugation  genes 

GSTMl  nondeleted" 

214(61.0%) 

104  (49.5%) 

133  (75.6%) 

<0.01 

GSTM1  null 

154  (39.0%) 

102  (50.5%) 

43  (24.4%) 

— 

GSTP1  105Ile/Ile 

145  (36.3%) 

91  (43.3%) 

49  (27.7%) 

0.01 

GSTP1  105Ile/Val 

196  (49.0%) 

92  (43.8%) 

98  (55.4%) 

— 

GSTP1  105Val/Val 

59  (14.7%) 

27(12.9%) 

30(16.9%) 

*  ....  9  . 

P  value  comparing  Caucasians  to  African  Americans  from  t  test  or  yf  test  as  applicable. 

^Mean  and  SD  (values  in  parentheses)  of  the  mean. 

^Expressed  as  a  percentage  of  the  gland  with  tumor. 

§ 

Expressed  as  absorbance  units.  Adduct  levels  in  prostate  tumor  and  nontumor  prostate  cells  were  strongly  correlated  (r  =  0.5 1 ;  P  <  0.000 1 ). 
Includes  subjects  with  at  least  one  copy  of  the  nondeleted  (+)  allele. 
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Table  2 

Mean  PAH-DN  A  adduct  levels  in  prostate  tumor  and  adjacent  nontumor  prostate  cells  for  smoking  and  genotypes 
in  PAH  metabolism  and  conjugation  genes 


V  ariable/genotype 

Tumor  cells 

Nontumor  cells 

Mean  ±  SE* 

P! 

Mean  ±  SE* 

pt 

Ever  smoker 

No 

0.1585  ±0.0049 

— 

0.2244  ±  0.0072 

— 

Yes 

0.1680  ±0.0038 

0.13 

0.2284  ±  0.0055 

0.66 

Current  smoker 

No 

0.1632  ±0.0033 

— 

0.2256  ±  0.0048 

— 

Yes 

0.1749  ±0.0094 

0.25 

0.2407  ±0.0131 

0.30 

CYP1B1  Ala1  ySer 

Ala/Ala 

0.1671  ±0.0048 

— 

0.2294  ±  0.0069 

— 

Ala/Ser 

0.1638  ±0.0049 

0.62 

0.2252  ±  0.0070 

0.67 

Ser/Ser 

0.1671  ±0.0083 

0.99 

0.2383  ±0.0121 

0.53 

CYP1B1  Leu432Val 

Leu/Leu 

0.1663  ±0.0064 

— 

0.2136  ±0.0094 

— 

Leu/Val 

0.1686  ±0.0046 

0.51 

0.2300  ±  0.0068 

0.16 

Val/Val 

0.1602  ±0.0049 

0.69 

0.2340  ±  0.0072 

0.09 

CYP1A1  Ile462Val 

Ile/Ile 

0.1651  ±0.0032 

— 

0.2284  ±  0.0047 

— 

Ile/Val 

0.1746  ±0.0149 

0.54 

0.2287  ±0.0219 

0.98 

Val/Val 

— 

— 

CYP3A4  A(-392)G 

A/A 

0.1624  ±0.0040 

— 

0.2227  ±  0.0059 

— 

A/G 

0.1737  ±0.0062 

0.12 

0.2347  ±0.0091 

0.27 

G/G 

0.1598  ±0.0072 

0.76 

0.2305  ±0.0105 

0.52 

mEHTyrmHis 

Tyr/Tyr 

0.1699  ±0.0043 

— 

0.2383  ±0.0063 

— 

Tyr/His 

0.1695  ±0.0051 

0.96 

0.2246  ±  0.0075 

0.16 

His/His 

0.1786  ±0.0129 

0.52 

0.2500  ±0.0189 

0.56 

mEH  His  JyArg 

Elis/Elis 

0.1687  ±0.0045 

— 

0.2272  ±  0.0064 

— 

His/Arg 

0.1660  ±0.0049 

0.68 

0.2227  ±0.0071 

0.57 

Arg/Arg 

0.1521  ±0.0096 

0.12 

0.2220  ±0.0138 

0.73 

GSTM1  null  deletion 

+/-  or  +/+ 

0.1631  ±0.0039 

— 

0.2283  ±  0.0057 

— 

-/- 

0.1694  ±0.0048 

0.31 

0.2275  ±0.0071 

0.94 

GSTP1  lie10  val 

Ile/Ile 

0.1613  ±0.0050 

— 

0.2283  ±  0.0073 

— 

Ile/Val 

0.1650  ±0.0043 

0.57 

0.2264  ±  0.0063 

0.84 

Val/Val 

0.1709  ±0.0078 

0.30 

0.2250  ±0.01 14 

0.81 

NOTE:  All  analyses  were  adjusted  for  age,  smoking,  alcohol,  ethnicity,  Gleason  score,  tumor  stage,  and  PSA  at  diagnosis. 

* 

Mean  absorbance  units  and  SE  of  mean. 

P  value  for  tests  comparing  wild-type/variant  to  wild-type/wild-type  and  variant/variant  to  wild-type/wild-type.  P  value  shown  is  not  corrected  for 
multiple  tests. 

^Not  estimated  because  no  subjects  had  this  genotype. 
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Table  4 

Mean  PAH-DNA  adduct  levels  in  prostate  tumor  and  adjacent  nontumor  prostate  cells  among  all  study  subject  and  within  major  ethnic  group  for  genotype  combinations  of  PAH  metabolism  and  conjugation 
genes 
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Table  5 

Mean  PAH-DNA  adduct  levels  in  prostate  tumor  and  adjacent  nontumor  prostate  cells  in  major  ethnic  groups  for  select  genotypes  and  genotype  combinations  of  PAH  metabolism  and  conjugation  genes  by  ever 
smoker  status 
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NOTE:  All  analyses  were  adjusted  for  age,  smoking,  alcohol,  Gleason  score,  tumor  stage,  and  PSA  at  diagnosis.  Reference  group  includes  nonsmokers  with  the  putative  lower  metabolizing,  higher  conjugating  or  lower  metabolizing  and  higher  conjugating  genotype 
combination. 
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Racial  differences  in  clinical  and  pathological  associations  with 
PhIP-DNA  adducts  in  prostate 

Deliang  Tangf  Jason  J.  Liuf  Cathryn  H.  Bock^,  Christine  Neslund-Dudas^,  Andrew 
Rundle^,  Adnan  T.  Savera°,  James  J.  Yang°,  Nora  L.  Nock°,  and  Benjamin  A.  RybickK’0’ 

'[Department  of  Environmental  Health  Sciences,  Columbia  University  Mailman  School  of  Public  Health,  New 
York,  NY 

2Population  Studies  and  Prevention  Program,  Karmanos  Cancer  Institute,  Wayne  State  University  School  of 
Medicine,  Detroit,  MI 

3 Department  of  Biostatistics  and  Research  Epidemiology,  Henry  Ford  Health  System,  Detroit,  MI 
4 Department  of  Epidemiology,  Columbia  University  Mailman  School  of  Public  Health,  New  York,  NY 
5Department  of  Surgical  Pathology,  Henry  Ford  Health  System,  Detroit,  MI 
6 Department  of  Epidemiology  and  Biostatistics,  Case  Western  Reserve  University,  Cleveland,  OH 

Abstract 

African-American  men  have  a  higher  dietary  intake  of  2-amino-l-methyl-6-phenylimidazo[4,5-b] 
pyridine  (PhlP),  which  is  the  most  abundant  heterocyclic  amine  in  cooked  meats  and  is  carcinogenic 
in  rat  prostate  through  the  formation  of  DNA  adducts.  To  determine  the  clinical  and  demographic 
factors  associated  with  PhiP-DNA  adduct  levels,  the  biologically  effective  dose  of  PhlP  in  human 
prostate,  we  immunohistochemically  measured  PhiP-DNA  adducts  in  a  study  of  162  Caucasian  and 
102  African-American  men  who  underwent  radical  prostatectomy  for  prostate  cancer.  A  strong 
correlation  between  PhiP-DNA  adduct  levels  in  prostate  tumor  and  adjacent  non-tumor  cells  was 
observed  (p  =  0.62;  p  <  0.0001);  however,  non-tumor  cells  had  significantly  higher  adduct  levels 
compared  with  tumor  (0.167  optical  density  (OD)  units  ±  0.043  vs.  0. 104  OD  ±  0.027;  p  <  0.0001). 

Race  was  not  associated  with  PhiP-DNA  adduct  levels  in  either  tumor  or  non-tumor  cells,  but  race- 
specific  associations  were  observed.  In  prostate  tumor  and  non-tumor  cells,  tumor  volume  had  the 
strongest  association  with  PhiP-DNA  adducts  in  Caucasians,  whereas  in  African-Americans  prostate 
volume  was  most  strongly  associated  with  adduct  levels  in  tumor  cells  and  advanced  Gleason  grade 
had  the  strongest  association  in  non-tumor  cells.  In  race  interaction  models,  while  the  only  statistically 
significant  interaction  was  between  African-American  race  and  advanced  Gleason  grade  in  non¬ 
tumor  cells  (P  =  0.029;  p  =  0.02),  in  tumor  cells  we  observed  opposite  effects  by  race  (positive  for 
African-Americans,  negative  for  Caucasians)  for  older  age  and  high  PSA  levels  at  diagnosis.  In 
conclusion,  while  PhiP-DNA  adduct  levels  in  prostate  cells  do  not  vary  significantly  by  race,  our 
results  suggest  that  PhlP  exposure  may  have  stronger  effects  on  prostate  tumor  differentiation  in 
African-American  men. 
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Dietary  sources  of  potential  prostate  carcinogens  include  fat  and  meat.  ^  One  possible  link 
between  a  diet  high  in  meat  consumption  and  prostate  cancer  is  the  cooking  of  meat  at  high 
temperatures  and  the  subsequent  formation  of  heterocyclic  amines  (HA),  which  are  potent 
carcinogens  in  animals. ^  A  direct  correlation  between  HA  exposure  and  DNA  adduct 
formation  in  the  prostate  is  supported  by  animal  studies  and  in  vitro  studies  of  human  tissues. 
Rats  given  food-derived  2-amino- l-methyl-6-phenylimidazo[4,5-b]pyridine  (PhIP),  the  most 
abundant  HA  in  human  diets,  for  52  weeks  had  PhIP-DNA  adducts  in  all  prostate  lobes  and 
subsequently  developed  prostate  cancer.^  The  tumorigenic  potential  of  PhIP-laden  diets  in  rats 
has  also  been  shown  by  significantly  elevated  mutation  frequencies  in  all  prostate  lobes  after 
only  4  weeks^  and  a  significant  prostate  tumor  incidence  within  20  weeks. Nude  mice 
administered  an  intragastric  injection  of  PhIP  showed  positive  staining  for  PhIP-DNA  adducts 
in  70-95%  of  both  epithelial  and  stromal  cells  in  human  prostate  xenografts.  ^  Several  in 
vitro  studies  of  human  prostatic  tissue  incubated  in  HA  laden  milieu  have  demonstrated 
detectable  PhIP-DNA  adducts  in  prostate  cells  afterwards,  v  but  one  study  that  examined 
human  prostate  specimens  that  were  not  experimentally  exposed  to  PhIP  found  only  2  of  24 
specimens  had  detectable  PhIP-DNA  adducts.  In  vitro  experiments  of  human  prostate 
epithelial  cells  have  shown  that  increased  doses  of  PhIP  result  in  increased  DNA  damage  as 
measured  by  the  comet  assay.  *  * 

Metabolic  activation  of  PhIP,  which  is  necessary  for  DNA  adduct  formation,  is  thought  to  occur 
primarily  in  the  liver  via  a  two-step  process  in  which  N-oxidation  of  the  PhIP  compound  is 
catalyzed  by  cytochrome  P450 1 A2  (CYP 1 A2).  Subsequent  acetylation  or  sulfation  is  catalyzed 
by  acetyltransferases  (NAT)  or  sulfotransferases  (SULT),  respectively,  which  generate  A- 
acetoxy  or  A-sulfonyloxy  esters,  electrophiles  that  are  much  more  reactive  with  DNA.  12,13 
Recent  studies  have  shown  that  this  two-step  bioactivation  of  PhIP  may  also  occur  in  the 
prostate.  PhIP-DN  A  adducts  formed  at  levels  30-600  times  higher  when  human  prostate  tissues 
were  incubated  with  A-hydroxy  PhIP  compared  with  PhlP.^  Several  studies  have  demonstrated 
expression  of  CYP1 A2  in  prostate  cells^’  ^  $  (previously  thought  to  be  confined  to  the  liver), 
which  supports  the  (9-acetylation  step  of  PhIP  also  occurring  in  the  prostate.  In  addition.  Nelson 
et  al.  showed  that  loss  of  expression  of  an  important  gatekeeper  in  the  prostate  carcinogenic 
pathway,  GSTP1,  enhances  susceptibility  to  carcinogenic  insult  by  A-OH-PhlP  in  prostate. ^ 


The  U.S.  population  lifetime  time-weighted  average  of  total  HA  consumed  has  been  estimated 
to  be  ~9  ng/kg/day,  with  PhIP  comprising  about  two  thirds  of  this  intake.^  Mean  HA  intakes 
are  greatest  for  African-American  males,  who  were  estimated  to  consume  ~2-  to  3 -fold  more 
PhIP  than  their  white  male  counterparts. '  ^  Biomarker  studies  support  the  findings  from  dietary 
questionnaires  in  that  African-American  men  have  been  shown  to  excrete  a  higher  level  of  HA 
metabolites.^  18  In  addition  to  having  a  greater  HA  exposure,  African-American  men  may 
be  at  greater  biologic  risk  due  to  higher  activity  levels  of  the  human  sulfotransferase  1A1 
ISULT1A1)  enzyme  that  is  involved  in  the  bioactivation  of  A-hydroxy  metabolite  of  PhIP. 

^  Although  race-specific  prostate  cancer  risk  associated  with  SULT  1 A  genotypes  are 
comparable,  African-American  men  with  the  highest  human  SULT1A1  activity  levels  are  at 
a  2-fold  greater  risk  for  prostate  cancer  compared  with  Whites  at  comparable  SULT1  Al 
activity  levels,^  which  suggests  that  additional  factors  interacting  with  SULT1A1  may 
increase  prostate  cancer  risk  in  African-Americans. 


Despite  evidence  that  PhIP-DNA  adducts  may  play  an  important  role  in  prostate 
carcinogenesis,  population  level  studies  ofPhIP-DNA  adducts  in  the  prostate  do  not  exist.  Such 
studies  are  necessary  to  determine  whether  HA  intake  results  in  a  biologically  effective  dose 
measurable  in  the  prostate  and  whether  PhIP-DNA  adducts  might  explain  racial  differences  in 
prostate  cancer  risk  and  outcomes.  In  the  present  study,  we  describe  the  distribution  of  PhIP- 
DNA  adduct  levels  in  tumor  and  non-tumor  prostate  cells  of  prostate  cancer  cases  who 
underwent  radical  prostatectomy,  investigate  potential  associations  between  clinical  and 
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histologic  characteristics  and  PhIP-DNA  adduct  levels,  and  test  whether  race  is  a  modifying 
factor  for  these  associations. 

Material  and  methods 

Study  Sample 

The  study  population  consisted  of  men  who  were  part  of  the  Henry  Ford  Health  System.  Details 
concerning  the  ascertainment  and  recruitment  of  study  cases  can  be  found  in  a  previous 
publication. The  present  study  includes  264  men  who  underwent  radical  prostatectomy  for 
prostate  cancer.  Slides  were  cut  from  a  specimen  block  that  contained  both  tumor  and  non¬ 
tumor  cells  and  subject  to  immunohistochemical  studies  for  PhIP-DNA  adduct  determination. 
The  analytic  sample  was  39%  African-American  and  had  a  mean  age  at  diagnosis  of  60.9  ± 
6.9  years  with  an  average  of  3  ±  2.5  months  between  diagnosis  and  surgery. 


Pathology 

Hematoxylin-eosin  stained  slides  of  study  cases  were  reviewed  by  the  study  uropathologist 
(ATS)  to  confirm  the  diagnosis  and  identify  a  paraffin  block  with  sufficient  tumor  and  non¬ 
tumor  prostatic  tissue  for  staining.  Using  a  microtome,  5  consecutive  sections  (5  pm  thick) 
were  cut  from  the  tissue  block  of  each  patient  sample.  One  slide  was  hematoxylin  and  eosin 
stained  and  examined  by  the  study  uropathologist  who  circled  separate  areas  of  tumor  and  non¬ 
tumor  cell  populations  to  be  used  for  adduct  scoring.  Tumors  were  given  a  TNM  staging  score 
and  characterized  by  histologic  grade  ( i.e primary  and  secondary  Gleason  scores),  lobe 
involvement,  volume,  resection  margins,  vascular  invasion,  perineural  invasion,  extraprostatic 
extension,  and  seminal  vesicle  and  lymph  node  involvement.  Prostate  volumes  were  also 
calculated  based  on  the  dimensions  of  the  gland  measured  after  surgical  removal. 

Immunohistochemistry 

Immunohistochemistry  studies  were  performed  as  described  by  Takahashi  et  al 7 '  and  Zhu  et 
a/. 22—3  [p-jefiy  the  paraffin-embedded  sections  were  baked  at  59°C  for  1  hr,  deparaffinized 
in  xylene,  and  rehydrated  in  serial  alcohol.  Endogenous  peroxidase  activity  was  blocked  using 
0.3%  H9O2  in  methanol  for  20  min.  After  treatment  using  RNase  and  proteinase  K,  the  sections 
were  blocked  using  3%  BSA  and  normal  goat  serum.  The  primary  anti-PhlP-DNA  adduct 
polyclonal  antibody  was  provided  by  Dr.  Shirai  at  Nagoya  City  University  Medical  School, 
Nagoya,  Japan. ^  The  polyclonal  antibody  was  incubated  with  the  sections  at  4°C  overnight  in 
a  humid  chamber  at  a  dilution  of  1:750.  The  biotinylated  secondary  antibody  was  incubated 
with  the  sections  at  room  temperature  for  30  min,  at  a  dilution  of  1 :200.  The  antibody  complex 
was  detected  using  an  avidin-biotin-peroxidase  complex  solution  and  visualized  using  3,3'- 
diaminobenzidine  (Zymed  Laboratories,  San  Francisco,  CA).  The  staining  specificity  was 
confirmed  with  positive  control  samples  that  were  run  with  every  experimental  batch  using  the 
primary  antibody  preabsorbed  with  2  or  20  pg/mL  DNA  extract  from  MCF-7  cells  and  treated 
with  150  pM  A-hydroxy-PhlP.  A  cytospin  sample  of  MCF-7  cells  without  PhIP  treatment 
served  as  a  negative  exposure  control.  In  addition,  slides  of  prostate  tumor  from  a  non-study 
subject  were  inserted  into  each  batch  of  staining  in  which  the  primary  anti-PhlP-DNA  adduct 
polyclonal  antibody  was  omitted  (negative  control)  and  the  specimen  was  treated  with  both 
antibodies  (positive  control).  The  scores  of  the  positive  controls  also  served  as  calibration 
references  between  staining  batches.  Staining  was  quantified  by  absorbance  image  analysis  in 
optical  density  (OD)  units  using  a  Cell  Analysis  System  200  microscope  as  described 

previously.^ 
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Statistical  analyses 

PhIP-DNA  adduct  levels  in  prostatic  epithelial  tumor  and  non-tumor  were  tested  for  normality 
using  the  Shapiro-Wilk  statistic.  Paired  ?-tests  were  used  to  discern  whether  the  difference  in 
adduct  levels  between  tumor  and  non-tumor  cells  deviated  significantly  from  zero.  Multiple 
linear  regression  models  were  used  to  calculate  group  specific  means  and  standard  errors  and 
test  for  associations  between  predictor  and  outcome  variables.  Potential  batch  effects  in  the 
PhIP-DNA  adduct  assay  were  taken  into  account  by  computing  a  batch  correction  factor  that 
was  the  difference  between  the  adduct  level  of  the  positive  control  slide  in  a  single  batch  and 
the  mean  adduct  level  of  the  positive  control  slides  across  all  batches.  The  batch-adjusted 
adduct  level  was  the  crude  adduct  level  minus  the  batch  correction  factor.  This  approach  was 
used  in  our  previous  studies  involving  PAH-DNA  adducts. Statistical  significance  was 
assessed  at  the  Type-I  error  level  of  0.05  and  all  tests  were  two-sided. 


Results 


The  distributions  of  PhIP-DNA  adduct  levels  in  264  paired  tumor  and  non-tumor  prostate 
specimens  are  shown  in  Figure  1.  Both  the  tumor  and  non-tumor  PhIP-DNA  adduct 
distributions  were  highly  symmetrical  based  on  a  Shapiro-Wilk  goodness-of-fit  statistic.  PhIP- 
DNA  adduct  levels  in  tumor  and  non-tumor  prostate  cells  fell  into  2  separate  normal 
distributions  with  the  mean  level  of  adducts  in  non-tumor  cells  0.063  OD  units  significantly 
higher  than  that  in  tumor  cells  (0.167  ±  0.043  OD  vs.  0.104  ±  0.027  OD;  p  <  0.0001).  A  strong 
correlation  between  adduct  levels  in  tumor  and  non-tumor  cells  was  observed  (p  =  0.62;  p  < 
0.0001)  with  the  absolute  difference  in  adduct  levels  between  the  2  cell  types  constant  across 
all  levels  based  on  a  slope  of  one  from  a  linear  regression  model  (Fig.  2). 

Table  I  depicts  the  mean  PhIP-DNA  adduct  levels  in  prostate  tumor  cells  for  all  subjects  and 
within  each  racial  group.  In  all  subjects,  PhIP-DNA  adduct  levels  were  higher  in  tumors  that 
involved  less  than  20%  of  the  prostate  and  in  smaller  prostates.  Examining  these  2  factors 
together,  the  mean  adduct  level  in  smaller  prostates  with  low  tumor  volume  was  23%  higher 
than  the  mean  adduct  level  in  larger  prostates  with  high  tumor  volume  (0.1 16  us.  0.094  OD). 
While  the  direction  of  these  associations  was  consistent  between  Caucasians  and  African- 
Americans,  a  statistically  stronger  association  with  adduct  levels  and  tumor  volume  was 
observed  in  Caucasians  whereas  prostate  volume  had  a  greater  statistical  association  with 
adduct  level  in  African-Americans.  A  weak  (p  =  0.1)  positive  association  between  advanced 
Gleason  grade  and  adduct  level  was  also  observed  exclusively  in  African-Americans.  In  non¬ 
tumor  cells  (Table  II),  tumor  volume  was  inversely  associated  with  PhIP-DNA  adduct  level  in 
Caucasians  with  a  weaker,  but  similar,  association  observed  in  African-Americans.  In  tumor 
cells,  prostate  volume  was  not  significantly  associated  with  adduct  level  in  either  race,  and 
only  in  African-Americans  was  an  association  between  advanced  Gleason  grade  and  adduct 
level  observed  (p  =  0.005). 

We  next  used  multiple  linear  regression  analyses  to  estimate  race-specific  beta  coefficients  for 
the  independent  associations  of  the  clinical  parameters  of  interest  with  PhIP-DNA  adduct  level 
in  prostate  tumor  and  non-tumor  cells  (Table  III).  Tumor  volume  was  inversely  associated  with 
PhIP-DNA  adduct  level  in  both  tumor  and  non-tumor  cells  in  both  races,  but  this  association 
reached  greater  statistical  significance  in  the  Caucasian  sample.  In  African-Americans,  an 
inverse  association  between  tumor  volume  and  adduct  level  in  tumor  and  non-tumor  cells  was 
also  observed,  but  it  was  not  as  strong  as  in  Caucasians.  In  tumor  cells,  prostate  volume  had  a 
stronger  inverse  association  with  adduct  levels  in  African-Americans.  Age,  PSA  level  and 
advanced  Gleason  grade  were  all  positively  associated  with  adduct  level  in  tumor  and  non¬ 
tumor  cells  in  African-Americans,  with  advanced  Gleason  grade  in  non-tumor  cells  having 
the  largest  and  most  statistically  significant  P  coefficient  (P  =  0.029  ±  0.012;  p  =  0.02).  The 
African-American  race  by  advanced  Gleason  grade  interaction  term  in  non-tumor  cells  was 
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also  the  largest  and  most  statistically  significant  (P  =  0.029  ±  0.013; p= 0.02).  In  tumor  cells, 
other  notable  interactions  with  African-American  race  were  observed  for  older  (60+)  age  (P 
=  0.012  ±  0.017;  p  =  0.08)  and  the  highest  PSA  level  category  (>10  ng/mL)  at  diagnosis  (P  = 
0.019  ±  0.012;  p  =  0.12). 

In  a  related  study,  we  found  PhIP-DNA  adduct  levels  were  strongly  correlated  with  grilled 
meat  consumption  and  in  particular  grilled  red  meat  consumption.--’  Racial  differences  in 
grilled  meat  consumption  in  our  study  population  were  mixed.  For  specific  meats,  Caucasian 
men  had  significantly  higher  consumption  of  steak  (p  =  0.035),  hamburger  (p  <  0.001),  and 
chicken  without  skin  (p  <  0.001),  while  African-American  men  had  significantly  higher 
consumption  of  chicken  with  skin  (p  =  0.006).  Overall  grilled  meat  consumption  was  slightly 
higher  in  Caucasians  (p  =  0.045)  as  was  grilled  red  meat  consumption  (p  =  0.037). 

Figure  3a-c  shows  representative  tumor  and  non-tumor  prostate  cells  from  tumors  of  primary 
Gleason  Grade  3  and  4.  By  visual  inspection,  one  can  see  the  dark  staining  for  PhIP-DNA 
adducts  in  non-tumor  prostate  cells  (Panel  A),  the  relative  absence  of  staining  for  PhIP-DNA 
adducts  in  tumor  cells  of  primary  Gleason  3  (Panel  B)  and  mixed  light  and  dark  staining  for 
PhIP-DNA  adducts  in  tumor  cells  of  primary  Gleason  Grade  4  (Panel  C). 

Discussion 

In  an  unselected  sample  of  men  who  underwent  radical  prostatectomy  for  treatment  of  their 
prostate  cancer,  variations  in  PhIP-DNA  adduct  levels  were  measurable  in  their  tumor  and  non¬ 
tumor  prostate  cells.  Previous  in  vitro  studies  have  shown  that  human  prostate  tissue  can 
metabolically  activate  “cooked  meat”  carcinogens,  including  PhIP.  >ZD  PhIP-DNA  adduct 
levels  were  significantly  lower  in  tumor  cells  compared  with  that  in  non-tumor  cells  consistent 
with  what  we  previously  observed  in  this  same  population  for  PAH-DNA  adducts. This 
difference  might  be  caused  by  higher  cell  turnover  in  tumor  cells.  It  might  also  be  due  to 
differences  in  metabolism^  or  DNA  repair-^  between  normal  and  malignant  cells.  Tumor 
cells  are  mostly  cloned  from  one  mutated  cell,  and  therefore  more  homogeneous  than  non¬ 
tumor  cells.  Microarray  studies  have  demonstrated  that  hundreds  of  genes  are  differentially 
expressed  between  prostate  tumor  and  non-tumor  cells. 

PhIP-DNA  adduct  levels  were  the  same  in  African-Americans  and  Caucasians,  even  after 
taking  into  account  potential  confounders  such  as  tumor  stage  or  grade.  In  a  parallel  study,  we 
found  grilled  red  meat  consumption  was  strongly  associated  with  PhIP-DNA  adduct  level  in 
prostate  tumor  cells  and  moderately  associated  with  PhIP-DNA  adduct  level  in  prostate  non¬ 
tumor  cells.--’  While  analysis  of  the  grilled  meat  consumption  variables  found  slightly  higher 
consumption  of  both  grilled  red  meat  and  all  grilled  meat  in  Caucasians,  we  found  no  racial 
differences  in  overall  PhIP-DNA  adduct  levels  in  either  tumor  or  adjacent  non-tumor  prostate 
cells.  However,  we  did  find  that  PhIP-DNA  adduct  levels  had  differential  associations  with 
some  clinical  and  pathologic  factors  by  race.  An  African-American  race  by  advanced  Gleason 
grade  interaction  term  was  significant  in  non-tumor  cells  (p  =  0.02)  with  a  similar  trend  of 
positive  association  between  adduct  level  and  higher  Gleason  grade  exclusive  to  African- 
Americans  observed  in  tumor  cells.  Older  age  and  high  pre-diagnosis  PSA  level  were  also  two 
factors  with  moderate  positive  associations  with  adduct  levels  in  tumor  cells  of  African- 
Americans,  but  had  no  associations  with  adduct  levels  in  Caucasians. 

A  growing  body  of  evidence  supports  the  notion  that  prostate  carcinogenesis  is  biologically 
different  in  African-American  men.  Black  patients  who  underwent  radical  prostatectomy  in 
one  study  exhibited  a  higher  incidence  of  transition  zone  cancer  foci  and  higher  serum  PSA 
levels  in  patients  with  locally  advanced  prostate  cancer.-^  In  a  more  recent  study,  African- 
American  men  with  organ  confined  disease  and  moderate  PSA  levels  had  higher  overall  tumor 
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volumes  than  white  men  with  comparable  clinical  characteristics. 3*-*  In  general,  African- 
American  race  has  been  associated  with  higher  PSA  levels  at  prostate  cancer  diagnosis. 

31-33  ]-[aving  both  a  high  PSA  level  and  a  poorly  differentiated  prostate  tumor  is  more  likely 
in  African-Americans  than  Caucasians.  3  3  While  underlying  biology  may  be  in  part  responsible 
for  these  observed  racial  differences  in  PSA  level  at  prostate  cancer  diagnosis,  a  recent  study 
of  healthy  African-American  men  found  that  high  dietary  PhIP  intake  was  correlated  with 
elevated  PSA  levels. 34  The  associations  between  high  PSA  level  and  Gleason  grade  and  PhIP 
exposure  observed  in  African-Americans  is  consistent  with  the  suggestive  positive 
associations  we  found  in  our  study  between  PhlP-DNA  adduct  levels  in  both  tumor  and  non¬ 
tumor  cells  and  high  PSA  levels  and  advanced  Gleason  that  was  exclusive  to  African-American 
men.  In  terms  of  metabolizing  PhIP,  African-American  men  with  the  highest  human  SULT 1  Al 
activity  levels,  an  enzyme  which  is  involved  in  the  bioactivation  of  A-hydroxy  metabolite  of 
PhIP,  are  at  a  2-fold  greater  risk  for  prostate  cancer  compared  with  Whites  at  comparable 
SULT1A1  levels.  1^  African-Americans  are  also  known  to  have  higher  enzymatic  activity 
levels  of  CYP1A2  and  A-acetyltransferase,^^  two  enzymes  important  in  the  O-acetylation  and 
N-oxidation  of  PhIP,  respectively.  Interestingly,  CYP1A2  appears  to  be  strongly  inducible  by 
smoking  in  whites,  but  not  in  African- Americans, 3  ^  which  has  potentially  important 
implications  in  the  race-specific  effects  of  PhIP  exposure  on  cancer  risk. 

Our  study  was  not  designed  to  directly  test  whether  PhlP-DNA  adducts  increase  risk  for 
prostate  cancer,  but  rather  to  describe  the  distribution  of  and  detennine  what  factors  influence 
PhlP-DNA  adduct  levels  in  prostate  cells  of  men  with  prostate  cancer.  While  previous  studies 
have  suggested  that  African-Americans  are  both  exposed  to  higher  levels  of  PhIP  and  excrete 
higher  levels  of  PhIP  metabolites,  we  found  no  evidence  for  a  racial  difference  in  PhlP-DNA 
adducts  in  either  non-tumor  or  tumor  prostate  cells.  Our  results  do  suggest,  however,  that 
prostate  tumor  differentiation  may  be  more  strongly  linked  with  PhIP  exposure  in  African- 
Americans,  which  implies  that  the  PhIP-induced  carcinogenesis  pathway  in  the  prostate  may 
biologically  differ  by  race.  Future  studies  of  the  PhIP  metabolism  pathway  in  prostate  cancer 
shoidd  consider  how  race-specific  factors  may  influence  the  importance  of  PhIP  with  regard 
to  the  ethnic  variation  in  this  disease. 
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PhIP-DNA  Adduct  Staining  Intensity  (OO) 


FIGURE  1. 

PhIP-DNA  adduct  staining  intensity  frequency  distribution  in  264  prostate  cancer  patients 
based  on  optical  density  scores  in  tumor  and  adjacent  non-tumor  prostate  cells. 
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FIGURE  2. 

Correlation  between  PhlP-DNA  adduct  optical  density  scores  in  tumor  and  adjacent  non-tumor 
prostate  cells  in  264  prostate  cancer  patients. 
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FIGURE  3. 

PhIP-DNA  adduct  staining  in  prostate  epithelial  non-tumor  (Panel  A)  and  tumor  cells  of 
Gleason  primary  Grade  3  (Panel  B)  and  4  (Panel  C).  [Color  figure  can  be  viewed  in  the  online 
issue,  which  is  available  at  www.interscience.wiley.com.] 
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Abstract 

BACKGROUND — Dihydrotestosterone  (DHT)  is  believed  to  play  an  important  role  in  prostate 
carcinogenesis.  Five  alpha  reductase  type  II  ( SRD5A2 )  and  3  beta-hydroxysteroid  dehydrogenase 
type  II  ( HSD3B2 )  are  responsible  for  the  biosynthesis  and  degradation  of  DHT  in  the  prostate.  Two 
polymorphisms,  a  valine  (V)  for  leucine  (L)  substitution  at  the  89  codon  of  the  SRD5A2  gene  and  a 
(TG)n,(TA)n,(CA)n  repeat  polymorphism  within  the  third  intron  of  the  HSD3B2  gene  were  evaluated 
with  regard  to  prostate  cancer  risk. 

METHODS — Blood  samples  were  collected  for  637  prostate  cancer  cases  and  244  age  and  race 
frequency  matched  controls.  In  analysis,  the  SRD5A2  VL  and  LL  genotypes  were  combined  into  one 
group  and  the  HSD3B2  repeat  polymorphism  was  dichotomized  into  short  (<283)  and  long  (>283) 
alleles. 

RESULTS — The  SRD5A2  V89L  polymorphism  was  not  independently  associated  with  prostate 
cancer  risk.  Carriage  of  at  least  one  HSD3B2  intron  3  intron  3  short  allele  was  associated  with  a 
significant  increased  risk  for  prostate  cancer  among  all  subjects  (OR  =  2.07,  95%  Cl  =1.08-3.95, 

P  =  0.03)  and  Caucasians  (OR  =  2.80,  Cl  =  2.80-7.43,  P  =  0.04),  but  not  in  African  Americans  (OR 
=  1.50,  Cl  =0.62-3.60,  P  =0.37).  Stratified  analyses  revealed  that  most  of  the  prostate  cancer  risk 
associated  with  the  intron  3  HSD3B2  short  allele  was  confined  to  the  SRD5A2  89L  variant  subgroup 
and  indicated  that  in  combination  these  polymorphisms  may  be  associated  with  increased  risk  of 
aggressive  (Gleason  >7)  disease  (Gleason  >7). 

CONCLUSIONS — In  Caucasians,  the  HSD3B2  (TG)n,(TA)n,(CA)n  intron  3  length  polymorphism 
is  associated  with  both  prostate  cancer  risk  and  aggressiveness  and  the  SRD5A2  V89L  polymorphism 
may  modify  the  risk  conferred  by  this  polymorphism. 
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INTRODUCTION 

Prostate  cancer  incidence  in  African-American  men  is  on  average  60%  higher  than  the 
incidence  observed  in  Caucasian  men  and  mortality  from  the  disease  is  approximately  2.4  times 
higher  in  African-American  men  [1],  The  androgen  biosynthesis  pathway  has  been  implicated 
in  prostate  carcinogens  is  and  frequency  differences  in  gene  polymorphisms  within  this 
pathway  may  explain  observed  race  disparities  in  prostate  cancer  [2,3].  Androgens  are 
primarily  produced  in  the  testes  and  adrenal  glands,  but  are  also  synthesized  in  the  prostate  and 
skin.  Within  the  prostate,  dihydrotestosterone  (DHT)  is  the  primary  and  most  potent  nuclear 
androgen.  DHT  promotes  DNA  synthesis  and  cell  replication  by  binding  to  the  intracellular 
androgen  receptor  and  forming  a  complex  which  activates  gene  transcription  and  cell 
proliferation.  Increased  cell  division  is  presumed  to  heighten  the  potential  for  somatic 
mutations,  leading  to  a  higher  likelihood  of  carcinogenesis  [4].  Two  enzymes  involved  in  the 
regulation  of  DHT  are  5-alpha  reductase  type  II  (SRD5A2)  and  3  beta-hydroxysteroid 
dehydrogenase  type  II  (HSD3B2).  These  enzymes  are  responsible  for  the  biosynthesis  and 
degradation  of  DHT. 

The  5  a-reductase  gene  ( SRD5A2 ),  located  on  chromosome  2p23  [5],  is  involved  in  the 
conversion  of  testosterone  to  DHT  in  the  prostate.  SRD5A2  is  perhaps  best  known  as  the  target 
for  finasteride,  a  drug  used  to  treat  benign  prostatic  hypertrophy  and  which  has  shown  potential 
for  prostate  cancer  prevention  [6,7].  Several  polymorphisms  within  SRD5A2  have  been 
identified,  including  a  leucine  for  valine  substitution  at  codon  89  ( V89L )  [7].  Findings  overall 
have  been  equivocal  in  regard  to  this  polymorphism  in  terms  of  prostate  cancer  risk.  A  meta¬ 
analysis  of  the  SRD5A2  V89L  polymorphism  concluded  that  there  was  no  increased  risk 
associated  with  prostate  cancer  (Odds  ratio  (OR)  for  L  vs.  V:  1.03,  95%  Cl:  0.84-1.26)  [8]. 
However,  in  vivo  and  in  vitro  studies  have  consistently  shown  reduced  5  a-reductase  activity 
with  the  substitution  of  leucine  [9-11]  and  studies  published  since  the  meta-analysis  in  2003 
have  found  that  the  SRD5A2  V89L  is  associated  with  prostate  volume  [12]  and  prostate  cancer 
risk  and  aggressiveness  [13].  Race/ethnicity  differences  in  the  frequency  of  the  L  variant  have 
also  been  reported  [14]. 

HSD3B2  functions  upstream  as  well  as  downstream  of  SRD5A2  in  the  androgen  pathway  and 
the  coding  region  for  the  HSD3B2  gene  is  located  on  chromosome  lp  1 3  [15],  a  region  that  has 
shown  evidence  for  linkage  to  prostate  cancer  [16-19].  HSD3B2  is  one  of  two  enzymes 
responsible  for  the  degradation  of  DHT  to  3  P-androstanediol  [20].  In  addition,  HSD3B2  is 
involved  in  the  production  of  testosterone  (T)  via  its  role  in  converting  DHEA  to 
androstenedione,  a  precursor  to  testosterone.  A  complex  (TG)n(TA)n(CA)n  repeat 
polymorphism  within  the  third  intron  of  the  HSD3B2  gene  has  been  identified  [21],  and  allelic 
frequency  differences  have  been  observed  between  African  Americans  and  Caucasians  [22]. 
It  has  been  suggested  that  the  repeat  complex  may  influence  the  formation  of  hairpin-like 
structures  that  could  modify  the  rate  of  HSD3B2  transcription  [23]  or  may  promote  alternative 
spliced  forms  of  mRNA  resulting  in  truncated  or  unstable  proteins  [24].  Altering  intracellular 
levels  of  HSD3B2  enzyme  could  potentially  change  the  rate  at  which  testosterone  is  produced 
and/or  DHT  is  degraded.  Higher  ratios  of  serum  testosterone  to  DHT  have  been  associated 
more  consistently  with  prostate  cancer  risk  than  either  steroid  alone  [25-27].  To  the  best  of  our 
knowledge  no  previous  reports  have  assessed  the  intron  3  repeat  HSD3B2  polymorphism  in 
regard  to  prostate  cancer  risk  or  aggressiveness. 
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Therefore,  in  this  study,  we  evaluated  the  potential  associations  between  the  SRD5A2  V89L 
and  HSD3B2  (TG)n(TA)n(CA)n  repeat  polymorphisms  on  prostate  cancer  risk  and 
aggressiveness  by  race/ethnicity.  We  also  evaluated  these  polymorphisms  in  combination  since 
altered  activity  or  expression  of  both  may  ultimately  have  a  stronger  impact  on  the  availability 
of  DHT  and/or  testosterone  in  the  prostate  potentially  leading  to  increased  cell  division  and 
prostate  carcinogenesis. 


METHODS 

Study  Population  and  Data  Collection 

The  study  population  included  men  that  received  their  primary  health  care  at  the  Henry  Ford 
Health  System  (HFHS),  a  large,  vertically  integrated,  health  system.  HFHS  provides  care  for 
an  ethnically  diverse  population  that  is  representative  of  the  geographic  region  it  serves.  All 
study  procedures  and  processes  were  approved  by  the  HFHS  institutional  review  board.  Cases 
were  identified  through  the  centralized  Department  of  Pathology  and  had  histological 
confirmation  of  adenocarcinoma  of  the  prostate  between  January  1999  and  December  2004 
with  no  prior  history  of  prostate  cancer.  The  primary  objective  of  the  study  was  to  evaluate 
gene-environment  interactions  using  a  case-only  analytic  approach  [28],  therefore,  the  study 
sampling  frame  was  focused  on  cases,  but  controls  were  also  sampled  in  a  stratified  random 
manner  from  the  health  system’s  electronic  data  stores  based  on  5-year  age  group  and  race, 
such  that  the  final  enrolled  sample  would  include  approximately  3  cases  per  1  control.  Cases 
and  controls  were  also  required  to  be  75  years  of  age  or  younger  at  diagnosis/enrolment  and 
have  at  least  one  primary  care  contact  in  the  preceding  5  years.  The  younger  age  criterion  was 
used  in  this  gene-environment  study  to  enrich  the  potential  genetic  contribution  to  disease 
among  our  subjects. 

A  study  introduction  letter  was  sent  to  all  potential  subjects  and  trained  study  interviewers 
made  initial  contact  with  patients  via  telephone.  Between  July  2001  and  December  2004,  77% 
of  potential  cases  and  68%  of  potential  controls  enrolled  in  the  study  (total  N  =  881)  and 
provided  a  blood  sample  for  DNA  analysis.  Blood  samples  for  controls  were  also  used  for 
prostate  specific  antigen  testing  (PSA)  at  the  time  of  enrolment.  Family  history  of  prostate 
cancer  was  assessed  as  part  of  the  patient  interview  and  was  considered  positive  if  either  a 
brother  or  father  had  been  diagnosed  with  prostate  cancer.  Cases’  cancer  stage  and  Gleason 
grade  were  abstracted  from  the  medical  record  and  were  verified  using  the  institutions  certified 
tumor  registry. 


Genotyping 

Genotyping  of  the  SRD5A2  V89L  polymorphism  was  performed  using  the  Invader  assay  (biplex 
format).  Each  plate  contained  the  following  controls:  valine/valine  homozygous,  valine/leucine 
heterozygous,  leucine/leucine  homozygous  and  a  no  target  blank.  All  components  of  the  assay 
were  provided  by  Third  Wave  Technologies,  Inc.  Ten  microliters  of  genomic  DNA  samples 
were  aliquoted  into  individual  wells  of  a  96-well  microtitre  plate  and  denatured  at  95°C  for  5 
min.  Ten  microliters  of  a  reaction  mix  containing  the  appropriate  probes/invader  oligo/ 
MgCH  mix  were  added,  and  reactions  were  overlaid  with  20  pi  of  mineral  oil.  Each  20  pi 
reaction  contained  40  ng  of  Cleavase  enzyme,  3.5%  PEG  8000,  2%  glycerol,  0.06%  NP40, 
0.06%  Tween-20,  12  pg/ml  BSA,  0.25  pmol/L  each  of  F  (FAM)  dye  and  R  (Redmond  Red) 
dye  FRET  cassettes,  8  mmol/L  MgCl2,  0.5  pmol/L  of  each  allele-specific  probe,  and  0.05 
pmol/L  Invader  oligo.  The  sequences  of  the  oligos  and  probes  are  available  upon  request.  The 
plates  were  incubated  at  63  °C  for  4  hr  in  a  PE  9700  thermal  cycler.  Fluorescence  was  measured 
using  a  CytoFluor  4000  fluorescence  plate  reader  (Applied  Biosystems,  Foster  City,  CA).  The 
settings  used  were:  485/20  nm  excitation/bandwidth  and  530/25  nm  emission/bandwidth  for 
F  dye  detection,  and  560/20  nm  excitation/bandwidth  and  620/40  nm  emission/bandwidth  for 
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R  dye  detection.  Any  sample  that  yielded  inconclusive  results  using  the  Invader  assay  was  re¬ 
quantified  and  repeated.  If  the  second  attempt  did  not  yield  acceptable  results,  the  sample  was 
genotyped  using  a  PCR-RFLP  assay  previously  described  [29]. 

The  HSD3B2  intron  3  dinucleotide  repeat  was  genotyped  by  first  amplifying  genomic  DNA 
using  a  primer  pair  previously  described  [30].  The  forward  primer  was  fluorescent  tagged  with 
6-carboxyfluorescerin  (FAM).  Amplification  was  performed  in  a  20  pi  final  volume  containing 
200  pM  of  dCTP,  dATP,  dGTP,  and  dTTP,  2  mM  MgCl2,  20  pmol  each  primer,  2.5  U  Taq 
Gold  DNA  polymerase  (Perkin-Elmer),  and  1  x  Taq  Gold  buffer.  After  an  initial  denaturation 
step  at  95°C  for  10  min,  30  cycles  of  92°C  2  min,  65°C  1  min  and  72°C  2  min  were  followed 
by  a  45  min  final  extension  at  72°C. 

The  final  products  were  analyzed  by  electrophoresis  on  a  3 100  Genetic  Analyzer  (Applied 
Biosystems)  using  GeneScan  and  Genotyper  software.  The  size  of  the  PCR  products  for  each 
specimen  was  determined  by  the  size  of  the  predominant  PCR  product(s)  according  to  peak 
area,  in  relation  to  the  GeneScan-500  ROX  size  standard  (Applied  Biosystems).  GeneScan 
results  for  a  sample  of  homozygous  subjects  were  checked  against  the  actual  size  of  the  PCR 
product  as  determined  through  sequence  analysis  and  were  determined  to  be  similar. 

Statistical  Analyses 

Flardy-Weinberg  equilibrium  of  genotypic  frequencies  for  both  polymorphisms  was  verified 
in  controls  using  chi-squared  tests.  For  the  multi-allele  HSD3B2  polymorphism,  an  empirical 
P  value  was  estimated  using  a  simplified  Monte  Carlo  significance  test  [31].  Case-control 
differences  in  categorical  variables  were  assessed  using  chi-squared  tests  as  well.  SRD5A2 
89  valine/leucine  ( VL)  and  leucine/leucine  (LL)  genotypes  were  combined  for  stratified 
analyses  due  to  low  frequencies  of  the  LL  genotype.  Polynomial  regression  was  used  to  test 
the  linear  association  of  the  HSD3B2  (TG)n(TA)n(CA)n  allele  lengths  with  prostate  cancer 
risk.  Family  history  and  benign  prostatic  hyperplasia  (BPH)  were  coded  as  present  or  absent 
and  were  included  in  multivariable  regression  models  as  potential  confounders  because  of 
previous  reports  indicating  potential  associations  with  the  SRD5A2  V89L  polymorphism  [12, 
13,32,33].  Body  mass  index  (continuous)  and  smoking  status  (ever/never)  were  also  included 
in  models  as  potential  confounders  since  each  has  been  shown  to  influence  circulating  androgen 
levels  [34].  Age  (continuous)  was  also  included  in  each  model  and  race  was  adjusted  for  in 
analyses  of  all  subjects  combined.  Aggressive  prostate  cancer  was  defined  as  having  Gleason 
grade  of  7-10.  Statistical  analysis  was  performed  using  SPSS  (version  1 1.5).  Logistic 
regression  was  used  to  estimate  odds  ratios  (ORs)  and  95%  confidence  intervals  (CIs)  for  the 
association  between  genotypes  and  prostate  cancer  risk  and  aggressiveness,  respectively.  An 
alpha  level  of  P  <0.05  was  considered  significant. 


RESULTS 

Demographics  and  Clinical  Characterization 

A  total  of  637  cases  and  244  controls  met  all  criteria  and  were  enrolled  in  the  study  (Table  I). 
By  design,  cases  and  controls  did  not  differ  significantly  by  race  or  age.  African-American 
(AA)  men  represented  43.2%  of  all  participants  and  were  slightly  younger  than  Caucasian  (W) 
subjects  (61.8  vs.  62.6  years,  P  =  0.06).  Family  history  of  prostate  cancer  (21.0%  vs.  13.1%, 
P  =  0.0 1 )  and  BPFl  (32.3%  vs.  19.7%,  P  <0.000 1 )  were  more  prevalent  in  cases  than  in  controls 
but  did  not  differ  by  race  (family  history:  AA  19.4%  vs.  W  18.6%,  P  =  0.76;  BPFl:  AA  26.8% 
vs.  W  30.6%,  P  =  0.34).  Among  cases,  55%  had  a  Gleason  grade  of  seven  or  greater  and  one 
in  five  cases  undergoing  definitive  surgical  treatment  had  a  pathological  tumor  stage  of  T3  or 
higher.  Gleason  grade  (AA  57.1%  vs.  W  53.5%,  P  =  0.37)  and  pathological  tumor  stage  (AA 
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18. 1%  vs.  W  20. 1%,  P  =  0.61)  were  not  significantly  different  between  African-American  and 
Caucasian  cases. 

SRD5A2.V  89  LPolymorphism 

Among  all  study  subjects,  the  SRD5A2  VV genotype  was  most  common  (48.4%),  followed  by 
the  VL  (42.2%),  and  LL  (9.4%)  genotypes.  The  overall  difference  in  the  frequency  of  the  L 
allele  by  race  approached  significance  (AA  48.3%  vs.  W  54.3%,  P  =  0.08)  and  African- 
American  men  were  significantly  less  likely  to  carry  the  LL  genotype  as  compared  to  Caucasian 
men  (6.8%  vs.  11.5%,  P  =  0.02).  Among  controls,  the  SRD5A2  V89L  polymorphism  was  in 
Hardy-Weinberg  equilibrium.  Overall  and  by  race,  as  Table  II  indicates,  there  were  no 
statistically  important  differences  in  risk  of  prostate  cancer  between  cases  and  controls  for  the 
SRD5A2  V89L  genotype  alone. 

HSD3B2  Length  Polymorphism 

A  total  of  48  HSD3B2  alleles  ranging  in  length  from  213  to  375  were  genotyped  in  our  study 
subjects.  Genotype  frequencies  in  controls  were  in  Hardy-Weinberg  equilibrium.  The  283  bp 
length  allele  accounted  for  35.3%  of  all  alleles  typed.  Alleles  286  bp  (20.8%)  and  333  bp 
(16.0%)  were  the  next  most  common  alleles  with  all  other  alleles  occurring  at  frequencies  of 
less  than  10%.  Stratification  by  race  showed  that  in  African  American  and  Caucasian  controls, 
the  most  common  alleles  occurred  at  very  different  frequencies  (HSD3B2  283  bp:  African 
American  12.4%  vs.  Caucasian  52.6%;  HSD3B2  286  bp:  African  American  36.7%  vs. 
Caucasian  9.6%,  HSD3B2  333  bp:  11.0%  vs.  Caucasian  19.9%;  Fig.  1).  Polynomial  regression 
in  African  Americans  and  Caucasians  as  well  as  in  combined  analyses  indicated  that  the 
relationship  between  this  polymorphism  and  outcome  was  not  linear.  A  sensitivity  analysis  at 
various  binary  cut  points  showed  that  dichotomizing  HSD3B2  allele  lengths  into  long  and  short 
risk  alleles  at  the  283  bp  cut  point  resulted  in  the  formation  of  risk  groups  that  best  differentiated 
cases  from  controls.  Therefore,  we  chose  to  simplify  the  analysis  of  this  polymorphism  by 
subdividing  alleles  into  two  groups  of  “short”  (<283  bp)  and  “long”  (>283  bp)  alleles. 

Race-stratified  and  overall  results  for  the  HSD3B2  polymorphism  are  shown  in  Table  II.  Using 
the  long/long  genotype  as  the  referent,  the  genotypes  including  short  alleles  (long/short  and 
short/short)  were  associated  with  an  elevated  risk  for  prostate  cancer  in  Caucasians  (OR  2.80, 
Cl  1.05-7.43,  P  =  0.04)  and  among  all  subjects  (OR  2.07,  Cl  1.08-3.95,  P  =  0.03).  Risk  was 
also  elevated  but  not  significant  in  African  Americans  carrying  at  least  one  HSD3B2  (TG)n, 
(TA)n,(CA)n  short  allele  (OR  1.50,  Cl  .62-3.6,  P  =  0.37). 

SRD5A2  and  HSD3B2:Prostate  Cancer  Risk  and  Aggressiveness 

Table  III  shows  the  risk  of  prostate  cancer  associated  with  the  HSD3B2  polymorphism  after 
stratification  by  SRD5A2  V89L  status.  Elevated  risk  for  prostate  cancer  associated  with  the 
long/short  or  short/short  / ISD3B2  genotype  were  observed  for  both  SRD5A2  genotypic  strata, 
but  within  the  stratum  defined  by  individuals  with  either  the  SRD5A2  VL  or  LL  genotypes 
prostate  cancer  risk  associated  with  the  long/short  or  short/short  IISD3B2  genotype  in 
Caucasians  was  elevated  (Table  II).  Risk  estimates  for  Caucasians  associated  with  the 
HSD3B2  polymorphism  were  greater  than  African  Americans  even  after  adjusting  for  age, 
family  history  of  prostate  cancer,  BPH,  BMI,  and  smoking. 

We  also  dichotomized  cases  based  on  aggressive  disease  (Gleason  sum  >7)  to  assess  whether 
clinical  heterogeneity  among  cases  revealed  any  additional  genetic  risk  (Table  III).  ORs  were 
significantly  increased  for  aggressive  disease  within  the  subset  of  Caucasians  with  the  SRD5A2 
89L  allele  (OR  10.2,  Cl  1.29-80.5,  P  =  0.03)  and  among  all  subjects  (OR  3.82,  Cl  1.27-1 1.50, 
P  =  0.02)  even  after  adjustment  for  covariates.  Overall,  stratifying  by  either  the  SRD5A2 
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V89L  polymorphism  or  aggressive  disease  did  not  appear  to  affect  prostate  cancer  risk  estimates 
for  the  HSD3B2  intron  3  short  allele  in  African  Americans. 

DISCUSSION 

This  study  sought  to  elucidate  potential  independent  and  joint  effects  of  two  polymorphisms 
in  the  androgen  metabolism  pathway,  SRD5A2  V89L  and  a  (TG)n,(TA)n,(CA)n  repeat 
polymorphism  in  the  third  intron  of  the  HSD3B2  gene,  with  regard  to  prostate  cancer  risk  and 
aggressiveness.  Our  findings  suggest  that  both  of  these  polymorphisms  differ  in  genotype 
frequency  by  race,  and  that  the  HSD3B2  length  polymorphism  independently  and  in 
conjunction  with  the  SRD5A2  V89L  polymorphism  is  associated  with  elevated  prostate  cancer 
risk  and  potentially  prostate  cancer  aggressiveness  in  all  subjects  and  among  Caucasians.  The 
latter  result,  in  particular,  must  be  viewed  cautiously  since  this  HSD3B2  polymorphism  has 
not  been  previously  reported  in  terms  of  prostate  cancer  risk  and  subject  numbers  upon  which 
this  result  was  based  were  very  small. 

Lachance  et  al.  [21]  first  reported  the  HSD3B2  intron  3  (TG)n,(TA)n,(CA)n  repeat  and  noted 
hairpin-like  structures  associated  with  the  polymorphism.  These  secondary  structures  have  the 
potential  to  vary  or  terminate  the  rate  of  transcription  of  the  enzyme  [23]  or  potentially  cause 
alternative  spliced  forms  of  mRNA  resulting  in  truncated  or  unstable  proteins  [24].  In  fact, 
three  alternative  spliced  forms  of  the  transcribed  pre-mRNA  of  HSD3B2  are  known  to  exist 
(http://www.ebi.ac.uk/asd/),  with  intron  3  excluded  from  the  two  shorter  transcribed  mRNAs 
that  also  contain  different  coding  sequences  that  might  alter  HSD3B2  activity  and  therefore 
may  degrade  DHT  at  varying  rates.  In  terms  of  which  alleles  are  more  likely  to  form  hairpins, 
previous  studies  have  shown  that  longer  allele  length  is  associated  with  hairpin  structures  that 
are  more  stable,  but  this  stability  is  achieved  at  a  certain  maximum  length  such  that  alleles 
longer  than  this  threshold  offer  no  further  increased  stability  for  the  hairpin  structure  [35,36]. 
This  would  support  the  conservative  decision  we  made  to  divide  the  HSD3B2  length 
polymorphism  into  “long”  and  “short”  categories.  In  addition  alternative  splicing  ofpre-mRNA 
increases  genetic  diversity  [37]  and  therefore  it  follows  that  an  allele  length  that  is  both  long 
enough  to  promote  alternative  spliced  forms  of  the  HSD3B2  protein  while  at  the  same  time 
short  enough  to  ensure  sufficient  copies  of  the  full  functional  version  of  the  protein  are  made 
may  be  highly  selected  for. 

In  our  subjects,  we  found  that  the  short  allele  (<283  bp)  of  the  HSD3B2  intron  3  polymorphism 
was  associated  with  increased  risk  of  prostate  cancer  and  potentially  aggressiveness  of  disease. 
Carriage  oiHSD3B2  short  alleles  may  predispose  toward  having  more  copies  of  the  full  length 
HSD3B2  protein  that  is  more  active,  indirectly  producing  larger  quantities  of  testosterone  and 
degrading  DHT  more  rapidly  resulting  in  an  imbalance  of  serum  testosterone  to  DHT.  Higher 
serum  testosterone  to  DHT  ratios  have  been  associated  with  increased  risk  of  prostate  cancer 
in  some  studies  [25-27].  But  in  primary  prostate  cancer  cells  DHT  levels  have  been  reported 
to  be  higher  in  tumor  than  adjacent  normal  cells  [38].  If  the  HSD3B2  (TG)n,(TA)n,(CA)n 
polymorphism  does  have  an  impact  on  gene  expression,  the  resulting  impact  on  testosterone 
and  DHT  levels  may  or  may  not  be  equivalent.  First,  DHT  is  metabolized  through  multiple 
pathways  most  of  which  are  reversible  reactions,  including  the  conversion  of  DHT  to  3  P- 
androstanediol  by  HSD3B2.  It  is  possible  that  over  expression  of  HSD3B2  could  have  a  greater 
effect  on  the  rate  of  anabolism  of  DHT  than  the  rate  of  catabolism  of  DHT.  Secondly,  Ji  et  al. 
[38]  have  reported  on  two  proteins  also  involved  in  the  metabolism  of  DHT,  AKR1C1  and 
AKR1C2.  Although  AKR1C1,  which  is  associated  with  the  HSD3B  pathway  of  DHT 
metabolism,  is  expressed  at  higher  levels  than  AKR1C2,  AKR1C2  had  more  influence  on 
DHT-dependent  androgen  receptor  reporter  activity.  In  prostate  cancer,  the  HSD3B2  metabolic 
pathway  of  DHT,  therefore,  may  be  out  competed  by  other  metabolic  pathways.  The  higher 
expression  yet  lower  affect  of  the  AK1C1  protein  would  suggest  this. 
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In  vivo  and  in  vitro  studies  of  the  SRD5A2  V89L  polymorphism  have  indicated  reduced  activity 
of  the  SRD5A2  enzyme  with  the  leucine  substitution  [9-11]  indicating  a  slower  conversion 
rate  of  testosterone  to  DHT.  In  terms  of  prostate  cancer  risk,  this  polymorphism  has  shown 
mixed  results.  A  meta  analysis  that  included  the  review  of  12  studies  was  conducted  by  Ntais 
et  al.  [8]  and  indicated  no  overall  change  in  risk  with  the  L  variant.  Since  this  analysis  Forrest 
et  al.  [39]  in  a  case-control  analysis  using  controls  from  the  EPIC  study  reported  increased  risk 
for  prostate  cancer  associated  with  the  LL  genotype  and  Cicek  et  al.  [13]  found  increased  risk 
was  primarily  driven  by  men  diagnosed  at  younger  age  or  with  more  aggressive  disease.  This 
polymorphism  has  also  been  associated  with  progression  of  disease  [40].  Stanbrough  et  al. 
[41]  found  increased  levels  of  HSD3B2  activity  and  decreased  levels  of  SRD5A2 
(approximately  50%)  in  metastatic  androgen-independent  prostate  cancer  tumors.  Others  have 
also  shown  lower  levels  of  SRD5A2  in  prostate  tissue  [42-44].  The  increased  prostate  cancer 
risk  we  found  associated  with  Caucasian  carriers  of  the  HSD3B2  intron  3  short  allele  and 
SRD5A2  89L  allele  that  may  predispose  to  higher  levels  of  HSD3B2  but  less  active  SRD5A2 
enzyme  are  in  line  with  these  findings.  Among  African  Americans,  risk  associated  with  the 
HSD3B2  intron  3  short  allele  was  elevated  but  not  significant  and  stratification  by  the  SRD5A2 
V89L  polymorphism  appeared  not  to  impact  risk.  Interestingly,  the  most  common  HSD3B2 
intron  3  repeat  allele  length  was  different  in  Caucasians  (283  bp)  and  African  Americans  (286 
bp)  suggesting  that  some  evolutionary  advantage  selecting  for  the  longer  allele  length  in 
African  populations  may  exist.  In  addition,  the  frequency  of  the  LL  genotype  in  our  African- 
American  sample  was  at  the  lower  end  of  previously  reported  ranges  [13,14,45]  limiting  the 
statistical  power  for  testing  associations  of  this  polymorphism.  The  V89L  polymorphism  in 
exon  1  of  the  SRD5A2  gene  lies  at  the  far  3'  end  of  the  gene  and  therefore  is  in  linkage 
equilibrium  with  several  other  polymorphisms  within  the  SRD5A2  gene  that  have  been 
described  by  Reichardt  et  al.  [46]  and  others  [47,48].  In  terms  of  prostate  cancer  risk,  Loukola 
et  al.  [47]  interrogated  the  entire  SRD5A2  gene  and  found  25  SNPs,  but  only  the  V89L  variant 
and  another  SNP  in  an  untranslated  region  of  the  gene  in  strong  linkage  disequilibrium  with 
the  V89L  variant  were  associated  with  prostate  cancer.  Polymorphism  in  HSD3B2  may  be 
limited,  with  a  recent  sequencing  study  [49]  finding  only  six  SNPs.  The  few  coding  SNPs  in 
HSD3B2  that  have  been  reported  are  not  polymorphic  enough  to  be  of  any  practical  utility  for 
testing  associations  with  disease  risk  in  moderately  sized  samples.  Interestingly,  while  the 
HSD3B2  intron  3  repeat  polymorphism  was  reported  to  vary  significantly  with  race  10  years 
ago  [22],  until  the  current  study  it  has  never  been  investigated  in  the  context  of  prostate  cancer 
risk. 

Although  our  study  sample  size  was  relatively  large  and  included  a  large  proportion  of  African- 
American  subjects,  the  original  study  design  included  only  one  age-race  frequency  matched 
control  to  every  three  cases  limiting  statistical  power  for  stratified  case-control  comparisons. 
The  controls  were  representative  of  the  population  from  which  the  cases  were  sampled  and 
controlling  for  family  history  and  BPH,  two  factors  which  differed  by  case-control  status, 
showed  no  important  difference  from  crude  odds  ratios.  We  also  compared  mean  rank  PSA 
levels  for  all  genotypes  and  haplotypes  (Tables  II  and  III)  using  the  Kruskal-Wallace  test,  as 
genetic  variations  in  genes  that  control  androgens  may  affect  PSA  levels  and  detection  of 
disease.  We  found  no  significant  differences  in  PSA  levels  between  groups,  reducing  the 
possibility  that  detection  bias  lead  to  our  observations.  In  addition,  the  frequency  of  high 
Gleason  scores  in  our  subjects  may  have  contributed  to  our  findings  on  aggressive  disease,  as 
nearly  65%  of  our  case  subjects  underwent  prostatectomy.  Gleason  scores  have  been  shown 
to  increase  from  biopsy  in  prostatectomy  cases  [50]  and  the  higher  use  of  radical  prostatectomy 
at  our  institution  may  have  provided  higher  than  expected  frequencies  of  aggressive  cases. 
None  of  the  gene-gene  interactions  we  tested  were  statistically  significant,  nonetheless 
interaction  odds  ratios  in  Caucasians  were  greatly  elevated  suggesting  a  possible  synergy  of 
effect  between  HSD3B2  and  SRD5A2  in  the  prostate  carcinogens  is  pathway. 


Prostate.  Author  manuscript;  available  in  PMC  2007  December  12. 


NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript 


Neslund-Dudas  et  al. 


Page  8 


To  our  knowledge,  our  study  represents  the  first  report  of  an  association  between  the 
HSD3B2  (TG)n,(TA)n,(CA)n  polymorphism  with  risk  of  prostate  cancer.  Risk  and 
aggressiveness  of  disease  among  all  subjects  and  in  Caucasians  was  associated  with  short  allele 
genotypes  of  the  HSD3B2  (TG)n,(TA)n,(CA)n  and  the  SRD5A2  V89L  polymorphism  may 
modify  this  risk.  Further  study  of  this  repeat  polymorphism,  independently  and  in  conjunction 
with  other  genetic  polymorphism  within  the  androgen  pathway  is  clearly  warranted. 
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Fig.  1. 

HSD3B2  repeat  polymorphism  allele  distribution  among  controls  by  race. 
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Patient  Characteristics 


TABLE  I 


Characteristic 

Controls  N  =244  n  (%) 

Cases  N  =637  n  (%) 

* 

P-value 

Race 

African  American 

104  (42.7) 

274  (43.0) 

0.92 

White 

140  (57.4) 

363  (57.0) 

Age 

<60 

76(31.2) 

228  (35.8) 

0.39 

60-69 

130  (53.3) 

323  (50.7) 

70+ 

38(15.6) 

86(13.5) 

Smoking 

Never 

82  (33.6) 

219(34.4) 

0.83 

Ever 

162  (66.4) 

418  (65.6) 

BMI 

<25 

45  (18.4) 

127(19.9) 

0.43 

25-29 

108  (44.3) 

302  (47.4) 

>30 

91  (37.3) 

208  (32.7) 

Family  history 

Positive 

32(13.1) 

134  (21.0) 

0.01 

Negative 

212(86.9) 

503  (79.0) 

BPH  history 

Positive 

48(19.7) 

206  (32.3) 

<0.0001 

Negative 

193  (79.1) 

430  (67.5) 

Unknown 

3(1.2) 

1  (0.2) 

PSA  level 

<4 

223  (91.4) 

108  (17.0) 

<0.0001 

4-10 

17(7.0) 

424  (66.6) 

>10 

4(1.6) 

105  (16.5) 

Path  tumor  stagefl 

<T3 

>T3 

Gleason  4—6 

339  (79.8) 

86  (20.2) 

279  (43.9) 

7 

8-10 

254  (39.9) 

97(15.3) 

a 


Surgical  cases  only. 


* 

P-value  significant  at  <0.05. 
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TABLE  II 

Association  Between  SRD5A2  and  HSD3B2  Genotype  Frequencies  and  Risk  of  Prostate  Cancer 


SRD5A2  genotype 

Controls  n  (%) 

Cases  n  (%) 

OR  (CI)a 

* 

P-value 

African  Americans 

w 

54  (50.9) 

143  (52.0) 

Reference 

VL 

45  (42.5) 

113  (41.1) 

0.89  (0.55-1.44) 

0.64 

LL 

7  (6.6) 

19  (6.9) 

0.99  (0.62-1.59) 

0.97 

Total 

106(100.0) 

275  (100.0) 

Caucasians 

vv 

66  (48.5) 

160(44.7) 

Reference 

VL 

53  (39.0) 

158  (44.1) 

1.33  (0.86-2.06) 

0.20 

LL 

17(12.5) 

40(11.2) 

1.01  (0.73-1.40) 

0.96 

Total 

136(100.0) 

358  (100.0) 

All  subjects 

vv 

120  (49.6) 

303  (47.9) 

Reference 

VL 

98  (40.5) 

271  (42.8) 

1.11  (0.81-1.53) 

0.51 

LL 

24  (9.9) 

59  (9.3) 

0.98  (0.76-1.28) 

0.92 

Total 

242(100.0) 

633  (100.0) 

HSD3B2  genotype 

Controls  n  (%) 

Cases  n  (%) 

OR  (Clf 

* 

P-value 

African  Americans 

Long/long 

98  (93.3) 

247(90.1) 

Reference 

Long/short  or  short/short 

7(6.7) 

27  (9.9) 

1.50  (0.62-3.6) 

0.37 

Total6 

105  (100.0) 

274(100.0) 

Caucasians 

Long/long 

131  (96.3) 

325  (90.8) 

Reference 

Long/short  or  short/short 

5  (3.7) 

33  (9.2) 

2.80  (1.05-7.43) 

0.04 

Total 

136(100.0) 

358  (100.0) 

All  subjects 

Long/long 

229  (95.0) 

572(90.5) 

Reference 

Long/short  or  short/short 

12  (5.0) 

60  (9.5) 

2.07  (1.08-3.95) 

0.03 

Total 

241  (100%) 

632(100%) 

Odds  Ratios  adjusted  for  race  (all  subjects),  age,  family  history,  BPH,  BMI  and  smoking  history,  Cl  95%. 

^After  multiple  attempts,  two  African  Americans  could  not  be  genotyped  for  the  HSD3B2  polymorphism. 

* 

P  value  significant  at  <0.05. 
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Polycyclic  Aromatic  Hydrocarbon- DNA  Adducts  in  Prostate  and 
Biochemical  Recurrence  after  Prostatectomy 

Benjamin  A.  Rybicki,1'3  Christine  Neslund-Dudas,1  Cathryn  H.  Bock,3  Andrew  Rundle,4  AdnanT.  Savera,2 
James  J.  Yang,1  Nora  L.  Nock,6  and  DeliangTang5 


Abstract  Purpose:  DNA  adduct  levels  may  be  influenced  by  metabolic  activity,  DNA  repair  capabilities, 
and  genomic  integrity,  all  of  which  play  a  role  in  cancer  progression. 

Experimental  Design:  To  determine  if  elevated  DNA  adducts  are  a  marker  for  prostate  cancer 
progression,  we  measured  polycyclic  aromatic  hydrocarbon  -  DNA  adducts  by  immunohisto- 
chemistry  in  prostate  cells  of  368  surgical  prostate  cancer  patients  treated  at  the  Henry  Ford 
Hospital  in  Detroit,  Michigan,  between  September  1999  and  July  2004.  Patients  were  followed 
up  to  5  years  after  surgery  with  relative  risk  for  biochemical  recurrence  (BCR)  estimated  with 
a  Cox  proportional  hazards  model  that  adjusted  for  standard  clinical  risk  factors. 

Results:  At  1  year  of  follow-up,  patients  with  adduct  levels  above  the  median  in  tumor  cells 
[hazard  ratio  (HR),  2.40;  95%  confidence  interval  (95%  Cl),  1.10-5.27]  and  nontumor  cells 
(HR,  3.22;  95%  Cl,  1.40-7.39)  had  significant  increased  risk  of  BCR,  but  these  HRs  decreased  to 
1.12  (95%  Cl,  0.68-1.83)  and  1.46  (95%  Cl,  0.89-2.41)  in  tumor  and  nontumor  cells  at  5  years 
postsurgery.  When  we  restricted  our  analysis  to  patients  with  advanced-stage  (111+)  disease, 
those  with  high  adduct  levels  in  either  tumor  (53.5%  versus  30.2%;  P  =  0.07)  or  nontumor 
(55.2%  versus  28.6%;  P  =  0.02)  cells  had  BCR  rates  almost  2-fold  higher.  In  race-stratified 
analyses,  the  greatest  risk  of  BCR  associated  with  high  adduct  levels  (in  nontumor  cells)  was 
for  African  American  patients  younger  than  60  years  old  (HR,  3.79;  95%  Cl,  1.01-14.30). 
Conclusions:  High  polycyclic  aromatic  hydrocarbon  -  DNA  adduct  levels  in  nontumor  prostate 
cells  are  most  strongly  associated  with  BCR  between  1  and  2  years  after  surgery  and  in  patient 
subsets  defined  by  younger  age,  advanced  tumor  stage,  and  African  American  race. 


Polycyclic  aromatic  hydrocarbons  (PAH)  result  from  incom¬ 
plete  combustion  processes,  are  ubiquitous  environmental 
contaminants,  and  are  known  carcinogens  (1).  PAH  derive 
their  carcinogenic  properties  through  their  ability  to  form  PAIT- 
DNA  adducts  (2,  3).  In  vitro  experiments  have  detected  DNA 
adducts  in  human  prostate  after  exposure  to  benzo (a) pyrene 
(4,  5),  a  known  carcinogenic  PAH,  and  have  shown  that 
exposure  levels  of  benzo(a)pyrene  are  positively  correlated  with 
DNA  damage  as  measured  by  the  comet  assay  (6).  In  men 
diagnosed  with  prostate  cancer  who  underwent  radical  prosta¬ 
tectomy,  we  found  that  levels  of  PAH-DNA  adducts  in  prostate 
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epithelial  cells  were  inversely  related  to  tumor  grade  (7),  and 
more  recently  have  also  shown  that  the  effects  of  underlying 
genetic  variation  in  PAH-metabolizing  enzymes  and  cigarette 
smoke  exposure  leading  to  PAH-DNA  adduct  formation  in  the 
prostate  may  be  different  by  race  (8). 

Retrospective  epidemiologic  studies  support  a  link  between 
occupational  PAH  exposure  and  prostate  cancer  risk  (9-11), 
but  a  recent  prospective  cohort  study  was  unable  to  replicate 
this  association  (12).  Occupational  PAH  exposure  may  need  to 
reach  a  threshold  level  before  having  an  effect  on  cancer  risk 
(13,  14),  and  genetic  susceptibility  likely  also  plays  a  role  (13, 
15).  Other  environmental  sources  of  PAH  include  diet  (16)  and 
cigarette  smoke  (17).  Whether  an  increased  prostate  cancer  risk 
is  associated  with  cigarette  smoke  is  unclear  (18-20),  although 
several  recent  studies  suggest  that  cigarette  smoke  exposure  in 
combination  with  genetic  risk  factors  for  bulky  PAH-DNA 
adduct  formation  may  increase  prostate  cancer  risk  (13,  15, 
21).  Dietary  intake  of  PAH  is  primarily  through  consumption 
of  well-done  meats,  but  epidemiologic  evidence  for  an 
association  between  meat  consumption  and  increased  risk  for 
prostate  cancer  is  equivocal  (22).  Only  one  epidemiologic 
study  has  examined  dietary  intake  of  benzo(a)pyrene,  the 
primary  PAH  in  well-done  meats,  and  prostate  cancer  risk,  but 
it  had  null  results  (23). 

Whereas  prior  examination  of  PAH  exposures  on  prostate 
cancer  risk  has  predominantly  relied  on  self-reported  measures, 
PAH-DNA  adducts  may  serve  as  a  marker  of  the  biologically 
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effective  dose  of  all  types  of  PAH  exposure  that  is  less  prone  to 
information  bias.  For  prostate  cancer  patients,  predicting  who 
will  have  recurrent  disease  after  primary  treatment  has 
traditionally  relied  on  clinical  and  pathologic  variables  such 
as  Gleason  grade  and  tumor  stage.  More  recently,  molecular 
approaches  to  predicting  prostate  cancer  recurrence  using 
proteomic  and  expression  array  technologies  have  expanded 
the  potential  markers  of  poor  disease  outcome  (24),  but 
biomarkers  currently  under  investigation  lack  information 
about  the  prostate  cell  DNA  integrity  and  capacity  to 
metabolize  and  clear  carcinogens.  In  addition  to  an  individual's 
PAH  exposures,  PAH-DNA  adduct  levels  in  the  prostate  reflect 
metabolic  capacity  to  activate  PAH  compounds  for  DNA 
binding,  PAH  detoxification  capacity,  and  DNA  repair  capacity, 
biological  variables  that  may  also  be  related  to  cancer 
prognosis.  For  instance,  the  same  metabolic  enzymes  that 
activate  PAFI  adduct  -  forming  compounds,  such  as  CYP1B1, 
may  also  stimulate  cancer  cell  growth  and  division  (25,  26). 

If  PAFI-DNA  adducts  in  prostate  cells  are  indicative  of  the 
overall  metabolic  activity,  DNA  repair,  and  genomic  integrity  of 
the  prostate,  then  they  may  be  related  to  prostate  cancer 
progression.  To  test  this  hypothesis,  we  measured  PAH-DNA 
adduct  levels  in  tumor  and  adjacent  nontumor  prostate  cells  of 
men  that  had  a  radical  prostatectomy  and  then  followed  these 
men  for  prostate-specific  antigen  (PSA)  failure  to  determine 
whether  adduct  levels  could  predict  recurrent  disease. 

Materials  and  Methods 

Study  sample  ascertainment  and  follow-up.  Between  July  1,  2001, 
and  December  31,  2004,  we  attempted  to  enroll  863  men  that  had  a 
prostate  cancer  diagnosis  within  the  last  2  years  at  the  Henry  Ford  Health 
System  in  Detroit,  Michigan,  as  part  of  a  prostate  cancer-case  control 
study  (13),  and  668  agreed  to  participate  (77%).  During  the  course  of 
enrollment,  8  cases  were  found  ineligible  and  23  cases  did  not  complete 
the  study  protocol,  resulting  in  final  study  participation  percentages  of 
75%  (637  of  855).  Of  these  637  cases,  419  (66%)  underwent  radical 
prostatectomy.  Tissue  specimens  with  sufficient  areas  of  tumor  and 
nontumor  cells  were  available  for  392  (94%)  of  these  patients  such  that 
immunohistochemical  studies  for  PAH-DNA  adduct  determination 
could  be  done.  For  these  392  patients,  whose  dates  of  prostatectomy 
occurred  between  September  1,  1999,  and  December  27,  2004,  we  then 
electronically  retrieved  all  PSA  tests  from  the  date  of  surgery  forward. 
A  total  of  3,413  test  results  were  retrieved,  with  the  men  in  this  sample 
having  a  median  of  eight  PSA  tests  and  the  number  of  tests  ranging  from 
0  to  46  tests.  We  excluded  the  2  men  who  had  no  PSA  tests,  8  men  who 
had  only  one  PSA  test  following  surgery,  and  14  men  who  also  had 
hormone  treatment.  The  remaining  368  men  comprised  the  analytic 
study  sample.  All  protocols  used  in  this  study  were  reviewed  and 
approved  by  the  Henry  Ford  Hospital  Institutional  Review  board  and  all 
study  participants  signed  an  informed  consent  before  participating. 

Pathology.  H&E-stained  slides  of  study  cases  were  reviewed  by  the 
study  pathologist  (A.T.S.)  to  confirm  the  diagnosis  and  identify  a 
paraffin  block  with  sufficient  tumor  and  nontumor  prostatic  tissue  for 
staining.  For  each  patient  sample,  consecutive  sections  (5-gm-thick) 
were  cut  from  the  tissue  block.  One  slide  was  H&E  stained  and 
examined  by  the  study  pathologist  who  circled  two  separate  areas  of 
tumor  and  nontumor  cell  populations  to  be  used  for  adduct  scoring. 
Tumors  were  characterized  according  to  lymph  node  involvement, 
primary  and  secondary  grade  (i.e.,  Gleason  score),  lobe  involvement, 
extraprostatic  extension,  and  seminal  vesicle  involvement. 

Immunohistochemistry.  The  immunohistochemical  assay  for  PAH- 
DNA  adducts  was  carried  out  as  described  previously  (27,  28).  This 
chemical  assay  uses  the  monoclonal  5D11  antibody,  which  in  cell 


culture  studies  has  been  shown  to  produce  strongly  correlated  staining 
levels  ( r  =  0.99;  P  =  0.011)  with  the  treatment  dose  of  benzo(d)pyrene 
diol  epoxide  (29,  30).  Consistent  with  our  previous  study  (7)  and  other 
prior  studies  (27,  31)  using  immunohistochemical  assays  to  measure 
PAH-DNA  adducts,  we  report  our  results  in  absorbance  units,  which 
provide  a  measure  of  the  relative  intensity  of  staining.  For  each  prostate 
specimen,  two  technicians  independently  scored  50  epithelial  cells 
(five  fields  with  1 0  cells  per  field  scored)  in  the  two  areas  (tumor  and 
nontumor)  circumscribed  by  the  study  pathologist.  Scored  cells  were 
selected  to  be  representative,  in  terms  of  intensity,  of  the  cells  in  the 
field  and  the  mean  of  the  two  technicians'  scores  was  used.  The  dual 
scoring  technique  has  proven  to  yield  a  high  test-retest  reliability  in 
prostate  cells  (7).  PAH-DNA  adduct  data  were  standardized  across 
experiments  using  a  series  of  two  "control"  slides  cut  from  two  separate 
nonstudy  prostate  specimens  that  were  run  across  all  batches. 

Statistical  analyses.  A  biochemical  recurrence  (BCR)  event  was 
defined  as  having  two  consecutive  detectable  (>0.2  ng/mL)  increasing 
PSA  levels  4  weeks  or  more  after  surgery  (32,  33).  Time  to  event  was  the 
duration  between  the  dates  of  surgery  and  the  second  PSA  test  that 
defined  the  recurrence  event  or  censored  at  the  last  postoperative  PSA 
test  for  men  that  did  not  recur.  HRs  for  BCR  were  estimated  with  Cox 
proportional  hazards  models  using  PROC  PHREG  in  the  Statistical 
Analysis  Software  package  (34).  Differences  in  survival  curves  were 
tested  using  the  Wilcoxon  rank  test  in  PROC  LIFETEST.  In  addition  to 
adduct  levels  measured  in  absorbance  units,  multivariable  models 
included  age,  race,  pack-years  of  cigarette  smoking,  tumor  stage, 
Gleason  grade,  and  preoperative  PSA  level. 

Results 

PAH-DNA  adduct  levels  in  the  prostate  tumor  and  nontumor 
cells  of  368  study  participants  did  not  vary  significantly  by  age, 
race,  dietary  PAH  intake,  body  size,  family  history  of  prostate 
cancer,  PSA  at  surgery,  or  advanced  tumor  grade  (Table  1). 
Tumor  stage  was  significantly  inversely  associated  with  PAH- 
DNA  adduct  levels  in  tumor  and  nontumor  cells,  and  current 
smokers  had  a  suggestive,  albeit  nonsignificant,  association 
with  higher  PAH-DNA  adduct  levels  in  both  nontumor  and 
tumor  cells.  A  BCR  event  was  experienced  by  67  (18.2%)  men 
in  the  analytic  sample  that  had  a  median  time  to  recurrence  of 
14  months  with  recurrence  times  ranging  between  1.5  and  60 
months.  Men  without  a  BCR  event  had  follow-up  ranging  from 
2  to  81  months  with  a  median  follow-up  time  of  38  months. 
For  the  purposes  of  analysis  and  presentation  of  survival  data, 
all  follow-up  was  censored  at  60  months.  Men  that  experienced 
BCR  were  more  likely  to  have  tumors  with  advanced  Gleason 
grade,  advanced  tumor  stage,  and  higher  PSA  levels  at  diagnosis 
(Table  2).  Age,  race,  and  smoking  status  were  not  associated 
with  BCR  nor  were  mean  PAH-DNA  adduct  levels  in  either 
tumor  or  nontumor  prostate  cells.  Quantifying  smoking 
exposure  by  pack-years  showed  that  men  that  experienced 
prostate  cancer  recurrence  had  a  marginally  higher  exposure 
level  to  cigarette  smoke  compared  with  those  that  did  not  recur 
(24.3  ±  28.2  versus  17.8  ±  22.9  pack-years;  P  =  0.08). 

To  determine  whether  PAH-DNA  adduct  levels  were  associ¬ 
ated  with  BCR  in  prostate  cancer  in  a  nonlinear  fashion,  we 
investigated  associations  between  time  to  BCR  and  adduct 
levels  by  quartile  and  median  in  tumor  and  nontumor  prostate 
cells.  There  was  no  evidence  for  a  trend  by  quartile  in  either 
tumor  (P  =  0.78)  or  nontumor  (P  =  0.26)  cells.  In  tumor  cells, 
the  hazard  ratio  (HR)  associated  with  PAH-DNA  adduct  levels 
above  the  median  was  slightly  elevated,  but  not  statistically 
significant  [FIR,  1.18;  95%  confidence  interval  (95%  Cl), 
0.72-1.94;  P  =  0.51],  In  nontumor  cells,  a  larger  IIR  was 
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Table  1.  PAH-DNA  adduct  levels  in  tumor  and  nontumor  prostate  cells  of  368  prostate  cancer  cases  by 
selected  characteristics 

Characteristic  Tumor  cells  P  Nontumor  cells  P 

Age 


<60 

0.152 

± 

0.004 

0.31 

0.247 

+ 

0.006 

0.92 

60+ 

0.147 

± 

0.004 

0.246 

+ 

0.005 

Race 

African  American  ( n  =  162) 

0.150 

± 

0.004 

0.67 

0.246 

+ 

0.006 

0.99 

Caucasian  or  other*(n  =  206) 

0.148 

± 

0.004 

0.246 

+ 

0.005 

Cigarette  smoking  status 

Never (n  =  136) 

0.144 

± 

0.005 

0.07 

0.241 

+ 

0.007 

0.31 

Former  (n  =  194) 

0.149 

± 

0.004 

0.246 

+ 

0.006 

Current  (n  =  38) 

0.166 

± 

0.009 

0.263 

± 

0.013 

Dietary  PAH  intake 

Below  median  (<;  n  =  184) 

0.153 

± 

0.004 

0.17 

0.250 

± 

0.006 

0.30 

Above  median  (>;  n  =  184) 

0.145 

+ 

0.004 

0.242 

± 

0.006 

Body  size 

Normal  (BMI  <25  kg/m2;  n  =  80) 

0.145 

± 

0.006 

0.65 

0.235 

+ 

0.009 

0.37 

Overweight  (BMI  25-29.9  kg/m2;  n  =  190) 

0.151 

± 

0.004 

0.249 

+ 

0.006 

Obese  (BMI  30+;  n  =  98) 

0.148 

± 

0.005 

0.250 

+ 

0.008 

Family  history r 

Negative  (n  =  269) 

0.149 

± 

0.003 

0.50 

0.246 

+ 

0.005 

0.50 

Positive  (n  =  90) 

0.144 

± 

0.005 

0.239 

+ 

0.008 

PSA  at  surgery  (ng/ml_) 

<4  (n  =  65) 

0.153 

± 

0.007 

0.72 

0.252 

+ 

0.010 

0.23 

4-10  (n  =  245) 

0.147 

± 

0.003 

0.241 

+ 

0.005 

>10  (n  =  58) 

0.151 

± 

0.007 

0.259 

+ 

0.010 

Pathologic  tumor  stage 

2  (n  =  297) 

0.153 

± 

0.003 

0.007 

0.252 

+ 

0.005 

0.006 

3  or  4 (n  =  71) 

0.134 

± 

0.006 

0.246 

+ 

0.005 

Advanced  tumor  grade  * 

No  (n  =  259) 

0.150 

± 

0.003 

0.27 

0.246 

+ 

0.005 

0.46 

Yes (n  =  109) 

0.146 

± 

0.005 

0.247 

+ 

0.008 

NOTE:  PAH-DNA  adduct  levels  are  measured  in  absorbance  units. 

Abbreviation:  BMI,  body  mass  index. 

*"Other"  includes  one  Asian  and  two  Hispanic  cases. 

t  Positive  family  history  is  defined  as  having  a  brother  or  father  diagnosed  with  prostate  cancer;  nine  had  unknown  family  history. 

*  Advanced  tumor  grade  is  defined  as  total  Gleason  grade  of  8  or  higher  or  total  Gleason  grade  of  7  and  primary  Gleason  grade  of  4  or  higher. 


observed,  but  it  did  not  reach  statistical  significance  (IIR,  1.56; 
95%  Cl,  0.94-2.59;  P  =  0.08). 

The  unadjusted  BCR  distributions  stratified  according  to  high 
and  low  PAH-DNA  adduct  levels  in  tumor  (Fig.  1A)  and 


nontumor  (Fig.  IB)  prostate  cells  were  not  significantly 
different  (P  =  0.88  in  tumor  cells;  P  =  0.11  in  nontumor  cells). 
Although  the  survival  curves  tended  to  move  toward  each  other 
as  follow-up  time  increased,  at  earlier  follow-up  durations 


Table  2.  Characteristics  of  368  prostate  cancer  cases  by  BCR  status  after  surgery 

Characteristic 

No  recurrence  (n  =  301) 

Recurrence  (n  =  67) 

P 

Age 

61.0  ±  6.8 

60.9  ±  6.1 

0.84 

Percent  African  American 

44.2 

43.3 

0.89 

Observation  time  (mo)* 

51.0  ±  16.1 

54.5  ±  17.6 

0.13 

PSA  at  diagnosis  (ng/mL) 

6.0  +  4.2 

11.1  ±  10.1 

0.0001 

Advanced  Gleason  grade  T 

16.9 

49.3 

<0.0001 

Advanced  tumor  stage  (III  or  IV) 

Cigarette  smoking  status 

14.3 

41.8 

<0.0001 

Never 

38.2 

31.3 

0.56 

Former 

51.5 

58.2 

Current 

10.3 

10.5 

PAH-DNA  adduct  level  in  tumor  cells  * 

0.149  ±  0.053 

0.149  ±  0.053 

0.96 

PAH-DNA  adduct  level  in  nontumor  cells  * 

0.245  ±  0.078 

0.252  ±  0.079 

0.49 

Time  from  study  entry  to  date  of  last  PSA  test  for  the  entire  cohort, 
t  Gleason  sum  of  8  or  higher  or  primary  Gleason  grade  4  or  higher. 

*  Expressed  in  absorbance  units. 
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Fig.  1.  Kaplan- Meier  survival  curves  for  BCR  in  prostate  cancer  patients  stratified 
by  low  (below  median,  broken  line)  and  high  (above  median,  solid  line)  PAH-DNA 
adduct  levels  in  tumor  {A)  and  nontumor  ( B )  cells. 

(up  to  2  years  for  tumor  cells  and  4  years  in  nontumor  cells), 
higher  adduct  levels  were  associated  with  a  higher  event  rate. 
To  quantify  the  association  of  high  PAH-DNA  adduct  levels  and 


BCR  by  follow-up  time,  we  recalculated  the  HRs  for  follow-up 
times  ranging  from  1  to  3  years  (Table  3).  In  tumor  cells,  the 
strongest  association  with  higher  PAH-DNA  adduct  levels  was 
at  1  year  of  follow-up.  In  the  third  and  fourth  highest  quartiles 
of  adduct  levels,  HRs  were  both  greater  than  3.  The  test  for 
trend  for  increasing  risk  across  the  four  quartiles  was 
statistically  significant  (P  =  0.03)  and  the  HR  for  PAH-DNA 
adduct  levels  above  the  median  was  2.41  (95%  Cl,  1.10-5.29). 
In  nontumor  cells,  the  strongest  association  with  higher  PAH- 
DNA  adduct  levels  was  also  observed  at  1  year  of  follow-up. 
In  the  third  and  fourth  highest  quartiles  of  adduct  levels,  HRs 
were  3.83  and  3.45,  respectively.  The  test  for  trend  for 
increasing  risk  across  the  four  quartiles  was  statistically 
significant  (P  =  0.01)  and  the  HR  for  PAH-DNA  adduct  levels 
above  the  median  was  3.24  (95%  Cl,  1.41-7.42).  The  IIRs  for 
PAH-DNA  adduct  levels  above  the  median  in  nontumor  cells 
were  significant  for  follow-up  periods  up  to  3  years  and  were 
consistently  higher  than  comparable  HRs  for  high  PAH-DNA 
adduct  levels  in  tumor  cells. 

We  next  investigated  whether  high  PAH-DNA  adduct  levels  in 
tumor  and  nontumor  prostate  cells  might  have  stronger 
associations  with  BCR  in  patient  subsets  defined  by  known 
clinical  risk  factors  such  as  high  PSA  level  at  diagnosis, 
advanced  tumor  stage,  and  advanced  Gleason  grade.  We  also 
examined  patients  dichotomized  by  race  (Caucasian,  African 
American)  and  age  (<60,  >60  years)  with  age  categories  based 
largely  on  the  distribution  of  patients  in  the  study  sample,  but 
also  driven  by  several  studies  that  suggest  prostate  cancer 
patients  younger  than  60  years  old  have  worse  outcomes 
(35-37).  Of  these  five  factors,  tumor  stage  was  the  strongest 
modifying  factor  of  the  association  between  high  PAH-DNA 
adduct  levels  in  tumor  cells  and  BCR.  In  patients  with  tumor 
stage  III  or  IV,  those  with  high  PAH-DNA  adducts  had  almost 
a  2-fold  greater  BCR  rate  over  5  years  (53.5%  versus  30.2%; 
P  =  0.07).  In  nontumor  cells,  age  and  PSA  level  as  well  as  tumor 
stage  had  differential  associations  with  BCR  (Fig.  2A-C).  In 


Table  3.  Risk  of  BCR  after  prostatectomy  in  368  prostate  cancer  cases  at  different  lengths 
associated  with  PAH-DNA  adduct  levels  in  prostate  cells  adjusting  for  clinical  risk  factors 

of  follow-up 

Cell  type 

Follow-up  period 

Model  variable 

iy 

18  mo 

2  y 

3  y 

HR  (95%  Cl) 

HR  (95%  Cl) 

HR  (95%  Cl) 

HR  (95%  Cl) 

Tumor  adduct  level 

2nd  Quartile 

1.79  (0.49-6.52) 

1.06  (0.42-2.67) 

0.99  (0.42-2.34) 

0.79  (0.36-1.76) 

3rd  Quartile 

3.43  (1.09-10.77) 

1.71  (0.75-3.90) 

1.54  (0.71-3.34) 

1.37  (0.68-2.74) 

4th  Quartile 

3.05  (0.82-11.38) 

1.31  (0.47-3.61) 

1.39  (0.56-3.46) 

1.12  (0.49-2.54) 

Linear  trend 

1.50  (1.04-2.17) 

1.17  (0.87-1.57) 

1.17  (0.88-1.54) 

1.10  (0.86-1.42) 

Above  median 

2.41  (1.10-5.29) 

1.52  (0.80-2.87) 

1.48  (0.82-2.70) 

1.41  (0.82-2.43) 

Nontumor  adduct  level 

2nd  Quartile 

1.29  (0.31-5.35) 

0.96  (0.32-2.84) 

0.89  (0.33-2.40) 

0.80  (0.34-1.91) 

3rd  Quartile 

3.83  (1.20-12.27) 

3.15  (1.32-7.48) 

2.66  (1.20-5.91) 

1.89  (0.92-3.92) 

4th  Quartile 

3.45  (1.04-11.43) 

1.82  (0.69-4.82) 

1.77  (0.73-4.27) 

1.50  (0.69-3.28) 

Linear  trend 

1.57  (1.11-2.22) 

1.34  (1.01-1.78) 

1.32  (1.01-1.71) 

1.23  (0.96-1.57) 

Above  median 

3.24  (1.41-7.42) 

2.56  (1.32-4.99) 

2.35  (1.27-4.34) 

1.89  (1.09-3.28) 

No.  events 

28 

40 

46 

55 

NOTE:  Clinical  risk  factors 

include  PSA,  tumor  grade,  and  tumor  stage. 
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Fig.  2.  Kaplan-Meier  survival  curves  for  BCR  in  prostate  cancer  patients  stratified 
by  PAH-DNA  adduct  levels  (above  vs  below  median)  in  nontumor  cells  and  {A) 
PSA  at  diagnosis;  ( B )  age  at  diagnosis;  and  (C)  tumor  stage. 


separate  analyses  of  the  higher  risk  groups  for  these  three 
factors,  the  BCR  rates  for  high  PAII-DNA  adduct  levels  were 
significantly  different  in  patients  with  tumor  stage  III  or  IV 
(55.2%  versus  28.6%;  P  =  0.02),  younger  than  60  years  old 
(23.8%  versus  10.4%;  P  =  0.02),  and  with  PSA  levels  above  the 
median  (31.6%  versus  17.6%;  P  =  0.03). 

To  determine  how  BCR  associations  with  high  adduct  levels 
varied  with  follow-up  time  within  patient  subsets,  we 
calculated  HRs  associated  with  high  PAH-DNA  adduct  levels 
in  tumor  and  nontumor  cells  for  patient  subsets  defined  by 
tumor  stage,  age  at  surgery,  and  PSA  level  at  diagnosis  at  2,  3, 
and  5  years  of  follow-up  (Table  4).  In  tumor  cells,  the  HR  for 
high  PAH-DNA  adduct  levels  in  patients  with  advanced 
tumor  stage  was  consistently  elevated  in  the  range  of  1.86  to 
1.93  between  2  and  5  years  of  follow-up.  In  nontumor  cells, 
high  PAH-DNA  adduct  levels  were  associated  with  the  greatest 
risk  for  BCR  in  patients  younger  than  60  years  old  after 
2  years  of  follow-up  (HR,  4.62;  95%  Cl,  1.49-14.35).  The 
elevated  risk  in  the  younger  age  group  dissipated  as  follow-up 
times  were  extended,  but  at  5  years  of  follow-up  high  PAH- 
DNA  adduct  levels  still  conferred  a  risk  of  BCR  greater  than  2 
(IIR,  2.21;  95%  Cl,  0.94-5.26)  in  the  younger  patient  group. 


Patients  with  PSA  levels  above  the  median  (>5.1  ng/mL)  had 
significantly  increased  risk  of  BCR  associated  with  high 
adduct  levels  across  all  three  follow-up  intervals,  ranging 
from  a  IIR  of  2.41  at  2  years  of  follow-up  to  1.91  at  5  years 
of  follow-up.  For  patients  with  advanced  tumor  stage  (III  or 
IV),  the  risk  of  BCR  was  greatest  at  2  years  of  follow-up  (HR, 
2.53;  95%  Cl,  1.07-5.99),  and  remained  elevated  through 
5  years  of  follow-up. 

In  the  full  sample,  high  DNA  adduct  levels  had  similar 
associations  with  BCR  in  African  Americans  and  Caucasians; 
however,  in  the  stratified  clinical  subsets  in  which  high  DNA 
adduct  levels  had  the  strongest  association  with  BCR,  HRs  for 
African  Americans  tended  to  be  greater.  In  tumor  cells,  elevated 
DNA  adduct  levels  were  associated  with  higher  HRs  in  younger 
(2.02  versus  1.26)  and  advanced-stage  (2.15  versus  1.50) 
African  Americans  compared  with  Caucasian  patients.  In 
nontumor  cells,  the  highest  ITR  associated  with  elevated  DNA 
adduct  levels  was  observed  for  younger  African-American 
patients  (IIR,  3.79;  95%  Cl,  1.01-14.30),  whereas  the  compa¬ 
rable  HR  for  Caucasians  was  only  1.72  (95%  Cl,  0.51-5.69). 
Because  cigarette  smoking  can  be  considered  an  antecedent 
variable  in  the  putative  adduct-prostate  carcinogenesis  path¬ 
way,  it  was  not  included  in  our  multivariable  analyses  of 
PAH-DNA  adduct  levels.  However,  given  the  marginal  associ¬ 
ation  of  cigarette  smoking  with  BCR,  and  the  possibility  that 
this  association  may  not  be  fully  explained  by  adduct 
formation,  we  reran  all  multivariable  models  including  a 
covariate  for  pack-years  of  smoking.  The  resulting  /i  estimates 
for  PAH-DNA  adduct  levels  were  only  nominally  (<10%) 
changed  in  all  circumstances. 

Discussion 

The  current  paradigm  of  DNA  adduct  formation  associates 
adducts  with  the  initiation  phase  of  carcinogenesis  in  which  an 
activated  xenobiotic  compound  binds  and  damages  a  DNA 
molecule.  In  reality,  DNA  adducts  may  be  relevant  to  all  stages 
of  carcinogenesis  as  biomarkers  of  underlying  risk  related  to  an 
individual's  ability  to  both  metabolize  carcinogens  and  repair 
damaged  DNA.  In  the  present  study,  we  have  shown  that  PAH- 
DNA  adduct  levels  in  prostate  at  time  of  diagnosis  may  be  a 
biomarker  of  increased  risk  for  early  BCR.  We  also  found  that 
PAH-DNA  adducts  were  inversely  associated  with  tumor  stage, 
but  not  tumor  grade,  which  is  in  contrast  to  our  previous 
reports  (7,  8).  It  should  be  noted,  however,  that  the  eligibility 
criteria  for  the  present  study  were  different  than  that  of  the  two 
previous  studies.  Further,  in  the  present  study,  we  defined 
tumor  grade  and  stage  in  a  dichotomous  fashion  to  facilitate 
survival  analyses,  which  was  different  than  how  we  defined 
these  variables  in  our  original  report  (7). 

The  association  between  PAH-DNA  adducts  and  BCR  risk 
was  greater  for  adduct  levels  in  nontumor  cells,  which  may 
better  reflect  inherited  genetic  capabilities  of  xenobiotic 
metabolism  and  DNA  repair  rather  than  adduct  levels  in  tumor 
cells  where  changes  in  the  genetic  background  have  occurred 
due  to  somatic  mutations.  Consistent  with  what  we  have 
previously  reported  (7,  8),  adduct  levels  were  higher  in 
nontumor  cells  compared  with  tumor  cells.  Several  studies  of 
other  tissues  that  measured  PAH-DNA  adducts  in  both  tumor 
and  adjacent  nontumor  cells,  including  lung  (38),  laryngeal 
(39),  pancreas  (40),  and  liver  (41),  have  also  reported  higher 
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Table  4.  Risk  of  BCR  after  prostatectomy  associated  with  high 

PAH-DNA  adduct  levels  in 

prostate  cells 

adjusting  for  clinical  risk  factors  at  different  lengths  of  follow-up  in 

selected  subsets  of  prostate  cancer  cases 

Cell  type  follow-up  period 

HR  (95%  Cl) 

HR  (95%  Cl) 

p* 

Tumor 

Age  <60  (n  =  157) 

Age  >60  (n  =  211) 

2  y 

2.54  (0.93-6.92) 

0.97  (0.44-2.12) 

0.13 

3y 

1.75  (0.71-4.32) 

1.11  (0.55-2.24) 

0.35 

5y 

1.46  (0.64-3.33) 

0.98  (0.51-1.87) 

0.41 

Nontumor 

2  y 

4.62  (1.49-14.35) 

1.53  (0.70-3.33) 

0.12 

3y 

2.86  (1.09-7.52) 

1.38  (0.69-2.78) 

0.20 

5y 

2.22  (0.94-5.26) 

1.18  (0.62-2.25) 

0.27 

PSA  <  median  f  (n  =  185) 

PSA  >  median  f  (n  =  183) 

Tumor 

2  y 

1.01  (0.27-3.69) 

1.37  (0.70-2.68) 

0.59 

3  y 

1.02  (0.34-3.03) 

1.34  (0.72-2.51) 

0.63 

5y 

0.70  (0.27-1.82) 

1.25  (0.69-2.27) 

0.35 

Nontumor 

2  y 

1.21  (0.30-4.86) 

2.41  (1.18-4.94) 

0.25 

3  y 

0.84  (0.26-2.78) 

2.18  (1.12-4.25) 

0.13 

5  y 

0.78  (0.28-2.16) 

1.91  (1.02-3.57) 

0.14 

Stage  II  (n  =  298) 

Stage  III  or  IV  (n  =  70) 

Tumor 

2  y 

1.17  (0.49-2.78) 

1.86  (0.80-4.31) 

0.33 

3  y 

1.02  (0.48-2.18) 

1.93  (0.88-4.28) 

0.20 

5  y 

0.79  (0.41-1.54) 

1.87  (0.87-4.00) 

0.08 

Nontumor 

2  y 

2.22  (0.88-5.66) 

2.53  (1.07-5.99) 

0.62 

3  y 

1.66  (0.75-3.67) 

2.14  (1.06-6.47) 

0.53 

5  y 

1.32  (0.67-2.62) 

1.96  (0.91-4.25) 

0.47 

NOTE:  Clinical  risk  factors  include  PSA,  tumor  grade,  and  tumor  stage  except  when  stratified  on  one  of  these  factors. 

*P  value  for  significant  difference  i 

n  HR  between  strata. 

t  Median  PSA  level  was  5.1  ng/mL. 

adduct  levels  in  adjacent  nontumor  cells.  To  confirm  that  total 
DNA  adduct  burden  in  the  prostate  did  not  afford  more 
information  about  BCR,  we  calculated  a  composite  total  score 
of  PAH-DNA  adducts  based  on  a  tumor  volume -weighted 
average  of  PAH-DNA  adducts  in  both  tumor  and  nontumor 
cells,  but  found  no  associations  with  BCR  (data  not  shown). 
Combining  separate  PAH-DNA  adduct  level  measures  in  tumor 
and  nontumor  prostate  cells  into  a  composite  score  may  dilute 
information  in  the  adduct  measure  unique  to  each,  particularly 
if  the  function  of  key  genes  in  the  adduct  formation  and  repair 
pathways  changes  during  malignant  transformation  (42,  43). 

Nuclear  accumulation  of  the  p53  protein  in  prostate  tumor 
cells  has  been  associated  with  poor  disease  prognosis  (44,  45). 
The  diol  epoxide  metabolites  of  benzo(n) pyrene  diol  epoxide 
preferentially  bind  to  the  most  frequently  mutated  guanine 
nucleotides  within  p53  codons  (46)  and  other  forms  of  PAH 
also  bind  to  p53  mutational  hotspots  (47).  Therefore,  increased 
PAH-DNA  adduct  level  in  prostate  leading  to  increased  p53 
mutations  may  be  a  possible  mechanism  by  which  higher  PAH- 
DNA  adduct  levels  affect  increased  BCR  in  the  short  term. 
Another  explanation  for  the  association  between  higher  PAH- 
DNA  adduct  levels  and  increased  short-term  BCR  may  lie  in  the 
metabolic  environment  of  the  premalignant  cell.  Cytochrome 
P450  phase  I  enzymes  CYP1A1  and  CYP1B1  activate  PAH 
parent  compounds.  Allelic  variants  of  CYP1A1  and  CYP1B1, 
which  may  exhibit  different  catalytic  capabilities  toward  PAH 
parent  compounds  (48),  have  been  linked  to  aggressive 


prostate  cancer  (26).  Furthermore,  CYP1B1  is  also  overex¬ 
pressed  in  prostate  tumors  due  to  hypomethylation  (49). 

A  limitation  of  our  study  was  that  DNA  adducts  were 
measured  cross-sectionally  shortly  after  disease  diagnosis.  As 
such,  the  adduct  level  in  our  analysis  was  a  snapshot  of  what 
could  potentially  be  a  rapidly  changing  cellular  environment. 
That  may  explain  in  part  why  after  2  years  the  association 
between  PAH-DNA  adducts  and  BCR  declined  precipitously. 
Although  our  results  are  generalizable  to  prostate  cancer 
patients  that  undergo  prostatectomy  as  their  primary  form  of 
treatment,  we  cannot  necessarily  infer  that  elevated  PAH-DNA 
adduct  levels  affect  disease  progression  the  same  way  in  prostate 
cancer  patients  that  receive  other  forms  of  treatment  such  as 
hormone  or  radiation  therapy.  A  missing  aspect  of  the  analyses 
in  the  present  study  that  would  be  of  interest  in  terms  of 
prevention  is  the  source  of  PAH  exposure(s)  that  lead  to  high 
adduct  levels  and  biological  modifiers  that  influence  adduct 
formation  and  prostate  cancer  risk,  such  as  inherited  capacities 
for  high  metabolism  of  PAH  (8,  15)  or  poor  DNA  repair  capacity 
(50,  51).  Although  these  risk  factors  for  PAH-DNA  adducts  have 
meaning  in  terms  of  understanding  the  underlying  reasons  for 
interindividual  variation  in  PAH-DNA  adduct  levels,  because 
they  are  antecedent  factors  in  a  causal  pathway  they  provide  no 
further  understanding  of  the  role  of  adducts  in  BCR  (52),  which 
was  the  central  point  of  this  study.  This  was  evidenced  by  our 
rerunning  of  multivariate  models  including  covariates  for  both 
PAH-DNA  adduct  levels  and  pack-years  of  cigarette  smoking, 
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and  our  finding  that  inclusion  of  the  latter  did  little  to  change 
the  association  of  the  former  with  the  BCR  outcome. 

Interestingly,  we  found  that  the  association  of  higher  PAH- 
DNA  adduct  level  with  BCR  was  restricted  to  subsets  of 
patients;  in  particular,  those  with  advanced-stage  disease,  with 
PSA  levels  above  the  median  at  diagnosis,  and  those  younger 
than  60  years  old.  Further  stratified  analysis  also  revealed  that 
within  the  clinical  patient  subsets  in  which  elevated  DNA 
adduct  levels  were  associated  with  BCR,  African  Americans 
were  at  greater  risk  for  BCR.  Both  PSA  and  tumor  stage  are 
known  risk  factors  for  BCR  and  were  strongly  associated  with 
BCR  in  our  study  population.  Elevated  PAH-DNA  adducts  may 
be  a  marker  of  a  more  advanced  disease  process  involving 
activated  phase  I  enzymes,  which  could  have  a  greater  effect  in 
a  disease  progression  process  that  has  already  exceeded  a 
certain  threshold  as  indicated  by  high  PSA  or  advanced  tumor 
stage.  It  is  unclear  why  PAH-DNA  adducts  were  a  greater  risk 
factor  for  BCR  in  men  younger  than  60  years  old  in  our  study. 
Neither  age  nor  race  was  associated  with  BCR  in  our  study 
population,  but  elevated  DNA  adduct  levels  had  the  strongest 
association  with  BCR  in  younger  African-American  cases.  The 
combination  of  high  adduct  levels  and  younger  age  has  been 
associated  with  higher  risk  of  lung  (53)  and  colorectal  (54) 
cancer.  Hu  et  al.  (50)  found  lower  nucleotide  excision  repair 
capacity  was  a  stronger  risk  for  prostate  cancer  in  men  younger 
than  60  years  old  and  that  the  nucleotide  excision  repair 
capacity  level  was  lower  in  younger  cases,  suggesting  that 


deficient  nucleotide  excision  repair  capacity  could  contribute  to 
early  onset  of  prostate  cancer.  In  a  similar  manner,  high  PAH- 
DNA  adduct  levels  may  better  discriminate  between  aggressive 
and  nonaggressive  prostate  cancer  phenotypes  in  younger 
versus  older  cases.  Few  studies  have  examined  racial  differences 
in  PAH-DNA  adduct  levels,  but  a  study  of  smokers  found  that 
African  American  subjects  had  higher  adduct  levels  in 
lymphocytes  than  Caucasian  and  Latino  subjects  after  adjust¬ 
ment  for  gender,  education,  a-tocopherol  and  (3-carotene 
levels,  and  GSTM1  status  (55). 

In  summary,  we  found  that  higher  levels  of  PAH-DNA 
adducts  in  prostate  were  associated  with  a  transient  increased 
risk  of  BCR  in  men  with  prostate  cancer  treated  with  surgery.  In 
patient  subsets  defined  by  high  PSA,  advanced  tumor  stage,  and 
age  less  than  60  years  old  at  diagnosis,  higher  adduct  levels 
conferred  an  increased  risk  of  BCR  that  diminished  less  with 
follow-up  time  and  was  greatest  in  African  Americans.  Higher 
adduct  levels  in  nontumor  cells  compared  with  tumor  cells 
tended  to  be  more  strongly  associated  BCR,  which  may  be  due 
to  the  cellular  environment  in  nontumor  cells  being  more 
reflective  of  an  individual's  innate  ability  to  activate  carcino¬ 
gens  and  repair  DNA  damage.  Our  findings  are  novel  and  need 
to  be  replicated  in  independent  populations.  Future  studies 
should  also  address  whether  DNA  adducts  in  prostate  cells  at 
time  of  diagnosis  are  a  harbinger  of  disease  progression  or 
simply  a  by-product  of  a  cellular  milieu  already  programmed 
for  greater  malignant  potential. 
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Abstracts  Presented  2007-2008 


Henry  Ford  Health  System  Research  Symposium,  Detroit,  MI,  Apr  13,  2007 
A  pilot  study  of  telomere  repeat  binding  factor  1  (TRF 1 )  protein  expression 
in  prostate  tumor  and  adjacent  non-tumor  cells  of  African-Americans  and  Caucasians. 

C.  Neslund-Dudas,  S.P.  Dudas,  A.K.  Meeker,  X.  Zhang,  A.T.  Savera,  B.A.  Rybicki 

AACR  -  The  Science  of  Cancer  Health  Disparities,  Atlanta,  GA,  Nov  27-30,  2007 
Coffee,  beer,  and  wine  consumption  and  PhIP-DNA  adducts  in  black  and  white  men  with 
prostate  cancer.  C.  Neslund-Dudas,  D.  Tang,  C.H.  Bock,  A.  Rundle,  N.  Nock,  J.  Beebe- 
Dimmer,  B.A.  Rybicki 

AACR  -  Telomeres  and  Telomerase  in  Cancer,  San  Francisco,  CA,  Dec  6-9,  2007 
A  pilot  study  of  telomere  repeat  binding  factor  1  (TRF  1 )  and  telomere  content  in  prostatectomy 
specimens  of  black  and  white  men  with  prostate  cancer.  C.  Neslund-Dudas,  S.P.  Dudas,  A.K. 
Meeker,  X.  Zhang,  A.T.  Savera,  R.  Mikita,  B.A.  Rybicki. 


Henry  Ford  Health  System  Research  Symposium,  Detroit,  MI,  Apr  13,  2007 


A  Pilot  Study  of  Telomere  Repeat  Binding  Factor  1  (TRF1)  Protein  Expression 
in  Prostate  Tumor  and  Adjacent  Non-Tumor  Cells  of  African-Americans  and  Caucasians 


Background:  African-American  men  develop  prostatic  intraepithelia  neoplasia  (PIN)  and  prostate  cancer  at  younger  ages 
than  Caucasian  men  and  telomeres  have  been  shown  to  be  progressively  shorter  in  PIN  and  prostate  tumor  cells  when 
compared  to  normal  prostate  cells.  We  hypothesized,  therefore,  that  African-American  men  may  in  part  develop  prostate 
cancer  at  a  younger  age  than  Caucasian  men  because  critical  telomere  length  is  reached  earlier  in  life.  Telomere  repeat 
binding  factor  1  (TRF1)  is  one  of  several  proteins  that  form  a  complex  which  protects  telomere  ends.  TRF1  binds  directly 
to  the  t-loop  structure  formed  by  telomeres  and  negatively  regulates  telomere  length  by  limiting  the  access  of  telomerase 
to  the  telomere.  To  our  knowledge  TRF1  levels  have  not  been  previously  reported  in  prostate  tissue  or  by  race.  We  present 
here  our  pilot  work  on  TRF1  expression  in  tumor  and  adjacent  non-tumor  tissue  of  African-American  and  Caucasian 
prostate  cancer  cases. 

Methods:  Using  paraffin  embedded  prostate  tissue  specimens  and  standard  immunohistochemistry(antibody  anti-TRFsc- 
1977,  Santa  Cruz  Biotechnology),  we  assessed  nuclear  and  cytoplasm  TRF1  protein  expression  in  a  sample  of  African- 
American  (n=24)  and  Caucasian  (n=29)  men  with  prostate  cancer  who  participated  in  a  larger  case-control  study.  Semi- 
quantitative  expression  of  the  TRF1  protein  in  the  cytoplasm  was  determined  by  grading  signal  intensity  in  combination 
with  the  percentage  of  positive  staining  cells.  The  degree  of  immunopositivity  was  obtained  by  multiplying  the  intensity 
and  percentage  of  positive  cells.  Nuclear  staining  was  quantified  by  count  of  cells  (0,  1-5,  >5),  as  very  little  nuclear 
staining  was  seen  overall. 

Results:  Among  all  subjects  TRF1  protein  expression  was  lower  in  prostate  tumor  than  adjacent  non-tumor  cells  (nuclear 
staining  of  >5  cells:  tumor  22.7%  vs.  non-tumor  41.5%,  p-value=.01;  cytoplasm  mean  immunopositivity  ±  standard 
deviation:  tumor  vs.  non-tumor  (0.53  ±  0.69  vs.  0.81  ±  0.01;  p=.01).  TRF1  expression  was  not  associated  with  age  (<60 
years  vs.  >60  years),  but  TRF1  expression  in  non- tumor  cytoplasm  occurred  less  frequently  in  African  Americans.  Only 
half  of  African-American  subjects  (12/24)  expressed  TRF1  in  at  least  50%  of  prostate  cells,  compared  to  nearly  80%  of 
Caucasians  (23/29)  (p=.04).  History  of  hypertension  was  inversely  associated  with  TRF1  expression  in  the  cytoplasm  of 
non-tumor  prostate  cells  (percent  of  subjects  with  >50%  of  cells  expressing  TRF1:  hypertensive  53.8%  vs.  normotensive 
77.8%,  p=.07;  mean  immunopositivity  ±  standard  deviation  for  TRF1  expression:  hypertensive  vs.  normotensive  (0.64  ± 
0.54  vs.  0.97  ±  0.54;  p=.03)).  In  our  sub-sample,  African  Americans  and  Caucasians  had  similar  rates  of  hypertension; 
however,  in  the  parent  study  and  in  general,  African  Americans  are  more  likely  to  have  hypertension  than  Caucasians. 

Conclusions:  Our  pilot  results  indicate  that  African  Americans  and  hypertensive  individuals  have  a  lower  percentage  of 
prostate  cells  expressing  TRF 1  protein  in  non-tumor  cytoplasm  suggesting  possible  biologic  mechanisms  for  the  observed 
racial  differences  in  prostate  cancer  incidence.  A  larger  study  of  race,  hypertension,  TRF1  expression  and  prostate  cancer 
may  be  warranted. 


AACR  -  The  Science  of  Cancer  Health  Disparities,  Atlanta,  GA,  Nov  27-30,  2007 


Coffee,  beer  and  wine  consumption  and  PhIP-DNA  adducts  in  black  and  white  men  with  prostate  cancer 

Background:  The  predominant  heterocyclic  amine  in  cooked  meats,  2-amino-  l-methyl-6-phenylimidazo  [4,5- 
b]  pyridine  (PhIP),  has  been  shown  to  be  carcinogenic  in  rat  prostate  and  likely  derives  its  carcinogenic 
potential  through  the  formation  of  DNA  adducts.  Blacks  have  been  shown  to  have  higher  levels  of  PhIP  in  their 
diet  and  urine.  Coffee,  beer  and  red  wine,  have  been  shown  to  affect  PhIP  adduct  formation.  Therefore,  we 
tested  whether  consumption  of  these  beverages  was  associated  with  PhIP-DNA  adduct  levels  in  prostate  tissue. 

Methods:  The  study  included  105  black  and  161  white  men  who  underwent  radical  prostatectomy.  Beverage 
and  meat  intake  was  assessed  through  food  frequency  questionnaires.  PhIP-DNA  adducts  were  measured  using 
immunohistochemical  methods.  Data  were  analyzed  using  ANCOVA  and  stepwise  linear  regression. 

Results:  In  tumor  and  adjacent  non-tumor  prostate  tissue  of  all  subjects,  significantly  lower  mean  PhIP-DNA 
adduct  levels  were  found  among  beer  (tumor:  p=0.01,  non-tumor:  p=0.03)  and  red  wine  (tumor  and  non-tumor: 
p<  0.01)  drinkers  as  compared  to  non-drinkers.  Black  men  who  consumed  beer  (tumor:  p=  0.01,  non-tumor:  p= 
0.04)  or  coffee  (tumor  and  non-tumor:  p<  0.01)  had  significantly  lower  mean  adduct  levels  than  blacks  who  did 
not  consume  these  beverages.  Among  whites,  red  wine  consumers  (tumor:  p<  0.01,  non-tumor:  p=  0.03)  had 
significantly  lower  PhIP  adducts.  In  total,  23%  of  black  and  only  5%  of  white  men  were  non-drinkers  of  all 
three  beverages.  Interestingly,  in  stepwise  regression  analyses  that  included  beverages,  meat  consumption  was  a 
significant  predictor  of  PhIP  adduct  levels  in  whites  but  not  blacks. 

Conclusions:  Although  our  previous  work  has  shown  that  black  and  white  men  with  prostate  cancer  do  not 
differ  quantitatively  in  PhIP-DNA  adduct  levels,  the  PhIP  adducts  in  these  two  race/ethnic  groups  may  result 
from  different  dietary  exposures  and  therefore,  may  differ  in  mutagenic  potential.  More  work  is  needed  to 
identify  dietary  and  genetic  factors  that  impact  PhIP-DNA  adducts  in  diverse  populations. 


AACR  -  Telomeres  and  Telomerase  in  Cancer,  San  Francisco,  CA,  Dec  6-9,  2007 


A  pilot  study  of  telomere  repeat  binding  factor  1  (TRF1)  and  telomere  content  in  prostatectomy 
specimens  of  black  and  white  men  with  prostate  cancer 

Background:  Telomeres  have  been  shown  to  be  progressively  shorter  in  prostatic  intraepithelial  neoplasia 
(PIN)  and  malignant  prostate  cells  when  compared  to  nonnal  prostate  cells.  Black  men  are  known  to  develop 
PIN  and  prostate  cancer  at  younger  ages  than  white  men,  but  to  our  knowledge  there  are  no  published  reports  of 
telomere  content  or  telomeric  proteins  in  prostate  specimens  by  race.  We,  hypothesized,  that  black  men  may  in 
part  develop  prostate  cancer  at  a  younger  age  than  white  men  because  critical  telomere  length  is  reached  earlier 
in  life  and  that  components  of  the  shelterin  complex  may  play  a  role  in  racial  disparities  in  age  and  incidence  of 
prostate  cancer  onset.  Telomere  repeat  binding  factor  1  (TRPT)  is  one  shelterin  component  that  regulates 
telomere  length  by  limiting  access  of  telomerase  to  the  telomere.  We  present  here  our  initial  pilot  work  on 
TRF 1  expression  and  telomere  content  in  black  and  white  men  with  prostate  cancer. 

Methods:  Using  paraffin  embedded  prostate  tissue  specimens;  we  assessed  TRPT  using  standard 
immunohistochemistry  (antibody  anti-TRFsc-1977,  Santa  Cruz  Biotechnology)  and  telomere  content  using 
telomere  flourescence  in  situ  hybridization  (Teli-FISH).  TRPT  protein  expression  was  evaluated  semi- 
quantitatively  in  both  nuclear  and  cytoplasm  of  tumor  and  adjacent  normal  regions  of  53  prostatectomy 
specimens.  Expression  of  the  TRF1  protein  in  the  cytoplasm  was  determined  by  grading  signal  intensity  in 
combination  with  the  percentage  of  positive  staining  cells.  The  degree  of  immunopositivity  was  obtained  by 
multiplying  the  intensity  and  percentage  of  positive  cells.  Nuclear  staining  was  quantified  by  count  of  cells  (0, 
1-5,  >5).  Telomere  content  has  been  assessed  in  26  of  the  53  prostatectomy  specimens  thus  far. 

Results:  Among  all  subjects  TRF1  protein  expression  was  lower  in  prostate  tumor  than  adjacent  non-tumor 
cells  (nuclear  staining  of  >5  cells:  tumor  22.7%  vs.  non-tumor  41.5%,  p-value=.01;  cytoplasm  mean 
immunopositivity  ±  standard  deviation:  tumor  vs.  non-tumor  (0.53  ±  0.69  vs.  0.81  ±  0.01;  p=.01).  Only  half  of 
black  subjects  (12/24)  expressed  TRF1  in  at  least  50%  of  prostate  cells,  compared  to  nearly  80%  of  white  cases 
(23/29)  (p=.04).  History  of  hypertension,  a  disease  more  common  in  black  men,  was  inversely  associated  with 
TRF1  expression  in  the  cytoplasm  of  non-tumor  prostate  cells  (percent  of  subjects  with  >50%  of  cells 
expressing  TRF1:  hypertensive  53.8%  vs.  normotensive  77.8%,  p=.07;  mean  immunopositivity  ±  standard 
deviation  for  TRF1  expression:  hypertensive  vs.  normotensive  (0.64  ±  0.54  vs.  0.97  ±  0.54;  p=.03)). 

Conclusions:  Our  pilot  results  indicate  that  black  men  have  a  lower  percentage  of  prostate  cells  expressing 
TRF  1  protein  in  non-tumor  cytoplasm  suggesting  a  possible  biologic  mechanism  for  the  observed  racial 
differences  in  prostate  cancer  incidence.  A  larger  study  of  race,  telomeres  and  prostate  cancer  may  be 
warranted. 
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